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Foreword

This five-part report brings together, for the first time, all of the
subject matter of the exploration phases of a work-conference pro-
ject which attempted: (1) to explore the problems and potentials
of a theoretical base for research and application in the new edu-
cational media, and (2) to experiment with a conference designed
"to do well that which a conference does best." The experimenta-
tion aspects of the project are being reported in a companion vol-
ume, Anatomy of a Conference.

The content of this report, in a variety of forms, was
widely circulated during the three years following the termination
of the project. These early printings reached an audience which
extended considerably beyond the field of the "new educational
media." In particular, the Conference working papers (Part II) re-
ceived the widest circulation. More limited circulation was enjoyed
by the "later" products of the picject: the Conference presenta-
tions (Part III), and the work-discussion group reports (Part IV).

All of these materials have been out of print for almost
two years. Numerous and continuing inquiries attest to an active
interest in their approach and content. The present report, then,
makes them available in a single volume designed and organized to
facilitate their potential usefulness.

Part I reviews the historical background of the New Media
Theory Conference project, and summarizes significant elements of
the pre=Conference working papers (Part II), the Conference presen-

tations (Part III), and the reports of the work-discussion ¢roups
(Part 1IV).
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Part II presents the working papers prepared for pre-Con-
ference study and reaction by participants. This feedback was in-
tended to provide a major basis for developing the Conference pre-
sentations.

Part 1II contains two of the five Conference presentations.
It indexes (in part) the extent to which it was possible: (1) to con-
centrate the Conference on "doing the things which conferences do
best," and (2) to demonstrate effective use of the new media. In
sum, three of the five Conference presentations focused largely on
explications of selected aspects of the working papers and are
therefore not included in the present volume.

Part IV presents the formal reports of the Theory Conference
work-study-discussion groups. This content has received the most
limited circulation to date, and contains perhaps the most creative
interpretations and approaches to the exploration and experimenta-
tion aspects of the project.

Part V, the appendix, provides the documentation, the il-
lustrations and explanations, of the project as a whole.

Finally, the 'ess tangible application potentials of this
report deserve some emphasis. It is suggested that the report car-
ries a variety of research and application potentials for people con-
cerned with human behavior--in general, or as mediated by the "new
educational media." Thus, for the teacher and the new media spe-
cialist, it suggests applications ranging from frameworks and methods
for organizing professional knowledge to teaching-learning prin-
ciples and techniques useful in a variety of practical situations.

For research workers, it outlines the beginnings of a philosophy of
research and provides many insights into the strengths and limita-
tions of research method. It also yields a near infinity of problems
for research. For the educational and new media administrator, it
suggests structures, approaches, and processes which promise to
faciliate productive research and effective application of research
results.

John M. Parsey
College of Education
August 1968 Michigan State University
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Overview and Summary

John M. Parsey

Office of Research and Publications
College of Education

Michigan State University

Overview: Development of the Theory Conference

Regional Planning Conference

The development of the New Media Theory Conference began with
a Regional Planning Conference attended by representatives of
educational, research, and related agencies from seven midwest-
ern states: Illinois, Indiana, Iowa, Michigan, Minnesota, Ohio,
and Wisconsin, To maximize multiple representation, most of
the participants represented one or more of the regional institu-
tions, organizations, agencies, and/or professional associations
which were concerned with new media research and application.
The major fields represented included: new media and related
research; public schools, colleges, and universities; professional
education and new media associations; and practitioners and ad-
ministrators identified with education and with the new media.

1The Regional Planning Conference participants are iden-
tified in Appendix F, Section 1. The Michigan State University
Planning Conference resource people and the Planning Conference
Committee members are named in Appendix F, Sections 2 and 3,
respectively.




The general purpose of the Regional Planning Conference
was to consider ways of strengthening the research and dissemina-
tion aspects of the new educational media program being developed
by the United States Office of Education under the National De¢.ense
Education Act. The participants offered five general recommenda-
tions on the nature of the follow-up venture (if any): (1) the general
purpose of any follow-up should be to strengthen the research
dimension of the new educational media research and application
program, (2) the conference” method could be used to achieve the
purpose projected, (3) highest content priority ought to be given
to the development/analysis of a theoretical/ conceptual framework
for new media research, (4) a major effort should be made to in-
volve active research workers in the new media and in related
social and psychological fields, and (5) the participant represen-
tation should be primarily regional.

Theory Conference Proposal

The approach outlined at the Regional Planning Conference became
the basis of a project proposal developed by the Michigan State
University Planning Conference Committee. * The formal proposal

2The words, "Conference" and "conference' will occur
frequently throughout this report. The capitalized word, '""Confer-
ence," will be used to refer to specific conferences which have
been named or otherwise identified--such as the Conference in
question. The word, ''conference, " in lower case letters, is the
generic term. It will be used to refer to conferences in general.

3A summary of the Regional Planning Conference is given
in Appendix A, "Regional Planning Conference."

4The members of this Committee, who were also respon-
sible for developing the Regional Planning Conference, are identi-
fied in Appendix F, Section 3. Some time later, with additional
members and replacements, the latter group became the Michigan
State University Committee for the New Media Theory Conference
(Appendix F, Section 8). As such, it was responsible for planning
all phases of the Theory Conference project. In this task, it was
assisted by the Regional Advisory Committee (Appendix ¥, Sec-
tion 7)--particularly in identifying potential resource people and
participants.
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was submitted to the United States Office of Education under the
title, "Regional Work Conference to Explore the Problems and
Potentials of a Theoretical Framework for Conducting Research
and Applying the Results of This Research on the New Media in
Education."

As paraphrased from the formal proposal, the purposes
of the New Media Theory Conference were projected as follows:
(1) to explore the problems and potentials of a theoretical base
for planning and executing new media research, and for dissemi-
nating and applying the findings of this research; (2) to experiment
with and to analyze/evaluate the effects of a conference designed
to do well that which conferences do best;6 and, (3) to develop the
project report as a significant publication on the role of scientific
theory in research and application generally, and in the new edu-
cational media specifically.

Conference Design and Execution

The Conference program was built around five areas of content:
scientific theory in general, theory in sducation, communication
theory, social theory, and the role of theory in new media re-
search and application. ' At the Conference, each area of content
was developed cyclically. Each cycle consisted of three steps:
(1) a formal content presentation to the group as a whole; (2) com-
ments, questions, and general consideration by the total group of
the formal presentation; and (3) division into small work groups
for more specific analysis, discussion, and recording of ma jor
areas of group consensus. Informai housekeeping, orientation,
and/or evaluation activities preceded or followed each of these

5A detailed abstract of the formal project proposal is
given in Appendix B, "Theory for the New Media."

6The formal report on this aspect of the New Media
Theory Conference project is being prepared under the title,
Anatomy of a Conference.

7The five content elements correspond to the five work-
ing papers presented in Part II of this report.
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cycles. Finally, at the end of the Conference, there was a general
session at which each of the work-discussion groups reported on
the results of its deliberations, and each participant commented
on Conference experiences in a brief "graduation' speech.

The execution of the Theory Conference was the general
responsibility of the Michigan State University Committee for the
New Media Theory Conference.” It was aided in this work by the
Regional Advisory Committee--particular%)y in the matter of iden-
tifying resource people and participants. 10 1n addition, consul-
tants from the three Michigan State University divisions sponsor-
ing the Conference--the Continuing Education Service, the College
of Communication Arts, and the College of Education--assisted
with various aspects of the undertaking.

Conference Experimentation and Evaluation12

Along the experimental dimension, a variety of provisions were
made to ensure that the Theory Conference would do well that
which a conference does best. Primarily, this emphasis required
that the Conference focus on: (1) communication and interaction
in face-to-face situations, and (2) factors which facilitate this
kind of interaction. Clearly, these requirements meant that the
traditional "paper reading' occupation of conferences would have
to be minimized.

8The general development pattern is perhaps most clearly
reflected in the Conference program--Appendix E, Item 3.

9The membership of this Committee is given in Appen-
dix F, Section 8.

10The members of the Regional Advisory Committee are

identified in Appendix F, Section 7.

11These people are identified in the various listings of

Appendix F, Sections 2, 3, 5, and 8.

2
Complete details on the experimental and evaluative
aspects of the New Media Theory Conference are reported in
Anatomy of a Conference currently in preparation.

©
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The focus on face-to-face interaction is reflected in pro-
visions such as: (1) careful briefing of participants on the unique
features and commitments of the Conference, 13 (2) closely coor-
dinating the development of the pre-Conference working papers,
(3) asking the participants to study the working papers before the
Conference, (4) using participant feedback to guide the prepara-
tion of the Conference presentations, 15 and (5) allocating major
amounts of Conference time to activities which, in general, tended
to justify the essential characteristic of a conference--th~ bring-
ing together of people for verbal exchanges. 16 1n sum, the Con-
ference attempted to minimize the presentation of new information,
and to maximize the analysis/consideration of essentially common
and previously communicated information.

The attention to factors which would facilitate the essen-
tial features of a conference, face-to-face communication/inter-
action, is reflected in provisions such as: (1) careful briefing on
group discussion procedures, processes, and products; (2) empha-
sis on facilities and services contributing to an efficient, permis-
sive but purposeful Conference atmosphare; (3) continuous indexing
and adjustment of Conference processes; and (4) informal social
activities built on themes directly related to Conference objec-
tives,

3The major document for briefing participants on the
Conference is given in Appendix C.

4tThe nature of the working papers and suggestions on
how they might be developed are given in Appendix D.

15The means used to obtain feedback are described in
Appendix E, Items 1 and 2, The relationships between the work-
ing papers and the presentations are given in Appendix D, Sec-
tion II.

16This aspect of the Conference is perhaps best illus-
trated by the Conference program given in Appendix E, Item 3.

17The underlying rationale is explained in detail in Ap-
pendix C, Section III, "Rationale and Develcpment, "

8These items are touched upon, in various contexts, in
Appendixes B, C, D, and E.




Along the evaluative dimension, plans were made to col-
lect both formal and informal data indexing Conference processes
and effects. The more formal analytical-evaluative data collec-
tion devices included: (1) pre-Conference, post-Conference, and
delayed post-Conference semantic differential instruments; and
(2) pre-Conference and post-Conference questionnaires. Sources
of less formal information on Conference dynamics and effects
included: (1) pre-Conference and post-Conference correspondence,
(2) reactions to the pre-Conference working papers, and (3) both
oral and written comments and observations made during the
course of the Conference.

Summary: Pre-Conference Working Papers

Development of the Working Papers

The working papers represent the first step of an attempt to de-
velop a conference which would emphasize the essential feature of
conferences in general: a group of people assembled for face-to-
face communication/interaction on subjects of mutual concern.

The working papers were prepared by an outstanding group of re-
source people. These people worked from a preliminary set of
specifications and met to coordinate their efforts when their papers
were in first draft form.

The five working papers were mailed to participants be-
fore the Conference--at approximately weekly intervals. Each
participant was asked to react to each paper in terms of: (1) a
set of three open-ended questions developed in consultation with
the authors, and (2) a completely unstructured invitation to submit

19The analysis/evaluation of the Theory Conference is
presented in full in Anatomy of a Conference now in preparation.
Examples of some of the informal data collection devices are
given in Appendix E, Items 1, 2, 8, and 9.

20The resource people are identified in Appendix F, Sec-
tion 6. The informal specifications for the working papers and
Conference presentations are given in full in Appendix D.
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comments and reactions. 21 This feedback was used to guide the
development of the Conference presentations and to provide evalu-
ative data. The five papers themselves dealt with three levels of
content: (1) the structure and function of scientific theories in
general, (2) three examples of partially formulated theory--in
education, communication, and sociology, and (3) the implications
of theory for research and application in the new educational me-
dia.

Structure and Function
of Scientific Theories

The general purpose of Dr. Rudner's working paper is to focus
attention on what Philosophy of Science has contributed to an un-
derstanding of the nature and function of scientific theories. The
paper is developel in three parts: (1) the logic of fully formalized
theories, (2) the logic of partially formalized theories, and (3) the
functions of theoretical formulations in science. This content and
structure are reflected in the outline which follows:

1. First, a general definition of theory is given, fol-
lowed by a definition and explanation of the development of a the-
ory as a fully articulated deductive system. This deductive sys-
tem is called a fully formalized theory. Essential characteristics
of such theories are examined, and examples are given. Exten-
sion into the social sciences leads to the conclusion that partial
rather than full formalization is, at present, a more prudent ex-
pectation in this field.

2. The logical problems of theory construction are then
examined in terms of two processes: (a) the process of theory
formation and formalization, and (b) the process of introducing
concepts into a theory. The discussion includes definitions and

21These forms are desc.ibed and illustrated in Appendix
E, Items 1 and 2.
22, . . . :
This three-element program structure is described in
detail ‘n Appendix B, Sections I and II.
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illustrations. It concentrates on the more operationally essential
aspects of the subject.

3. The preceding consideration of key concepts and pro-
cesses leads to the conclusion that, particularly irn the social sci-
ences, only partial formalization of theories is presently to be
expected. The remaining discussion of the paper is addressed to
two questions: (a) How far can we, or ought we, go in formalizing
theory at any particular stage of inquiry? and, (b) What formaliz-
ing techniques are available?

4. Partial formalization of theories is then analyzed in
terms of the nature and the consequences of the presupposition of
knowledge (content, or subject matter) from areas non-indigenous
to the theory in question. Picsupposition eventuates in the use of
terms and concepts which are undefined in the particular theory
being considered. Presupposition usually entails quasi deduction,
that is, the "double'" failure to specify premises, and to specify
the steps and the rules for deducing (deriving, or reaching) con-
clusions.

5. The paper then considers the problems of concept
formation in partially formalized theories. The analysis concen-
trates on three ways of introducing concepts into a theory: (a) ex-
plicit definition, (b) specification of conditions of application, ar i
(c) the method of relative primitives, that is, the introduction of
terms in ways other than (a) and (b).

6. The paper does not resolve clearly the issue, "How
far to formalize?" Suggestive assistance is given by two 'rules'":
(a) formalize as much as you can, and (b) formalize to the extent
that is fruitful. It is noted, however, that neither rule is opera-
tionally satisfactory because of the lack of criteria of application.
In practice, the issue of formalization is usually resolved on the
basis of intuition. . . .

7. Finally, scientific theories are examined in terms of
their two major functions, explanation and prediction. Analysis
of these two processes leads to the observation that their logical
structure is identical. The resulting implication is: "If we can
explain an event, we could have predicted it. . . . "
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Learning-Behavior Theory and Education

Dr. Logan examines a variety of theoretical issues in the experi-
mental psychology of learning in an attempt to find sentences which
might help stimulate fruitful research in education. Perhaps the
most important ones may be summarized as follows:

1. Organisms learn not only the qualitative (e.g., topo-
graphical) properties of responses, but alco the quantitative (e. g.,
speed) properties. For example, practicing writing slowly leads
to learning to write slowly. Educational programs caould be
designed to traia in all of the important aspects of a response,

2. The same total reward can be given in a variety of
ways which differ in their effectiveness. Particularly important
are condiiions in which increased reward is correlated with im-
proved performance. For example, a student will learn to add
faster if he is differentially rewarded for any increase in speed
over his individual past performance. Extrinsic rewards can be
adapted to such conditions more easily than grades.

3. Ultimate performance is better the closer the training
conditions approximate the testing conditions. For example, a
student may learn the multiplication tables accurately in the quiet |
solitude of a teaching machine, and then miss what is ostensibly ’,
the same problem when buying goods in a noisy store, Ideal train- !
ing conditions probably vary depending on the stage of learning. ~

4. Virtually all applications of learning principles involve
constraints which pose a maximization problem, For example,
distributed practice is generally better than massed practice in
terms of learning per trial, But since massed trials take less
time, learning per hour may be greatest at an intermediate degree
of spacing. Learning models can be useful in determining optimal
programs.

5. The use of principles of behavior requires explicit
statements of objectives. For example, the best program to pro-
duce retention of information may differ from the best program to
enable creative utilization of the same information.
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Communication Theory and
the Use of the New Media

The working paper by Dr. Erwin P. Bettinghaus begins with a brief
historical review of the development of commurication as an aca-
demic discipline. It concentrates on three propositions which link
communication and the new media: (1) the concern with the new
media grows from roots common to both communication and edu-
cation, (2) attempts to produce visual cr verbal descriptions of

the communication process have generally ignored the communi-
cation role of the new media, and (3) balance theory provides a
fruitful approach to the research and application problems of the
new media in education.

The foregoing propositions outline the setting of two lines
of analysis followed in the paper: (1) the relationships between
communication "theory' and the new media, and (2) the relation-
ships between balance theory and the new media. In turn, these
two lines of discussion branch into several topics specifically
treated in this working paper. In numbered-item form, they are:

1. Definition, comparison, and illustration of the concepts
"theory of communication' and "model of communication" as a
basis for looking at levels of investigation. These levels of study
are classified as descriptional, operational, and functional.

2. The presentation of communication theories and mod-
els is based on the observation that, at present, there exists no
distinctive communication theory as such. The working paper
then presents illustrated descriptions of seven models cf the pro-
cess of communization: (a) speaker-listener, (b) mechanical-
informational, (c) speaker-audience, (d) source-message-channel-
receiver, (e) psychological, (f) perception-oriented, and (g) soci-
ological. This part of the paper concludes with a summary which
points up the relationships of the discussion of the first two of the
three basic propositions underlying the working paper.

3. The third of the paper' ¢ basic propositions, balance
theory and the new media, is examined in terms of the nature and
basic tenets of balance theory. The examination centers around
an analysis and illustration of balance theories which exist under
a variety of labels, for example: (a) Newcomb's "strain toward
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symmetry"; (b) Osgood, Tannenbaum, and Suci's ''principle of
congruity"; and (c) Festinger's "theory of cognitive dissonance."
A summary of the commmon elements of balance theories is then
presented.

4., The paper concludes with a discussion of extensions
and applications of balance theories to the new media in education.
Specific suggestions are offered for research on the new media
under four divisions: communication sources, communication
channels, messages communicated, and communication receivers,
Particular emphasis is placed on the fact that no specific com-
munication theories exist, but that many theories of human behav-
ior can be adapted for the purposes of planning, carrying out, and
applying research on the new media in education.

Social Theory and the New Media

The working paper by Dr. Morris Janowitz proposes a twofold
basis for analyzing the actual and the potential effects of the new
media. The proposed approach requires that the new media be
regarded both as technologies and as social-organizational sys-
tems, and in terms of the social environment in which they oper-
ate. Three models are available for this analysis: (1) the mass
society model, (2) the behavioral science model, and (3} the func-
tional analysis model. Each of these models provides a value
orientation and a typology of analysis. The three models share
some of the same assumptions. The third model is the one actu-
ally usedin the analysis presented in the working paper. . . .

1. For the analysis of the actual and potential effects,
the ncw media are considered to have three functions: socializa-
tion, information, and imobilization. The working paper concen-
trates its analysis on'. . . the convergence of the new media and
the mass educational system.'" It suggests that the impact of the
new media might result in a two-track educational sysiem: the
custodial and the problem solving--with the latter to be preferred.

2. The paper then analyzes the effects and the social
environment of the new media. It touches on some of the signifi-
cant factors in these two areas, and suggests what the new media
ca. contribute in developing a problem solving approach to mass
education.
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3. The next part of the working paper examines mass
communication as a social process. This examination begins with
an analysis of the inadequacies of television research based on
stimulus-response theory. In contrast, it is noted that, at pres-
ent, contributions of greater educational significance are being
made by research based on television as a social process.

4. The fourth major part of the working paper argues
that a valid understanding of emerging trends requires that the
new media be regarded as a social process rather than a technol-
ogy. The consequences (largely) of the technological approach
are cited in the case of textbooks, instructional materials, cur-
ricula, and the processes of school administration. The fate of
educational radio is analyzed as a background for a consideration
of the limitations and the potentials of the new educational media.

9. The working paper concludes with a discussion of the
professional implications of research on the new media. These
implications are both drawn and implied from issues such as:
basic versus applied research, the essential unity of theory and
practice, research in a '"total" enviroument, and cooperation
among research and professional workers.

Research and Implementation
in the New Educational Media

The working paper by Dr. Charles F. Hoban focuses on the im-
plications of scientific theory for educational media research and
for educational practice--as exemplified in the formulation and
implementation of educational policies. Three categories of prob-
lems, faced in the working paper and in the Conference on Theory
for the New Media, are identified:

1. The existence of gaps between formal requirements
and the actual practices of theory formulation, between theories
relevant to formulated research problems and the actual research
on educational media, and between theory and research and the
application of both.

2. The limitations on progress and development which
flow from concepts of relevant theory, from concepts of research
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methods, from concepts of educational media, and from concepts
of problems in education.

3. The limitations on progress and development which
are imposed by theorists, by researchers, and by practitioners
who minimize professional risk by "' . . . hewing closely to pro-
fessional party lines and visibly conforming to them."

The remaining sections of the working paper are devoted
to offering suggestions, explaining, and documenting some require-
ments for improvement. The ""requirements" advanced may be
brought together into three groups:

1. Changes in our ways of looking at, and thinking about.
these kinds of probiems;

2. Development of intermediate mechanisms which will
bridge the gaps which exist; and

3. Development and acceptance of a more comprehen-
sive concept of the functions of the educational media.

A clear and forceful summary of the author's point of

view is given in the last section of the working paper entitled,
"The Nub of the Matter."

Summary: Work Conference Presentations

Nature of the Conference Presentations

The Conference presentations were projected as extensions of the
pre-Conference working papers. That is, the presentations were
to be based upon the working papers only in a relative sense. The
authors could choose (and were urged to do so) to analyze impor-

tant aspects of the working papers, or illustrate critical concepts,
or demonstrate applications, or . . . follow a direction suggested
by the pre-Conference feedback from participants. In addition, it
was suggested that each of the Conference presentatiors be made

Ttz
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an occasion for demonstrating (unobtrusively) effective application
of new media methods and devices.

The content of Part III of the report illustrates both the
potentials and (by omission) the hazards of the suggested approach.
On the negative side, three of the Conference presentations have
not been included in the report because they (largely) duplicated
the pre-Conference working papers. On the other hand, the two
presentations included in Part III illustrate highly creative re-
sponses to items of the original "prospectus, " namely: (1) the
first or ""education theory' presentation illustrates and extends
the corresponding working paper--in Part II of the report, and
(2) the second paper on ''theory application'" develops an integra-
tion and extension of "all" of the working papers and presentations.
In addition, both of these presentations make effective use of new
media methods and devices.

A Micromolar Approach
to Education and the New Media

Dr. Logan's pre-Conference working paper examines issues in
learning theory as a means of identifying productive areas for
research. His Conference presentation focuses on a narrow facet
of one category of these issues, namely, response speed. The
major points advanced, examined, and documented may be sum-
marized as follows:

1. An important, yet somewhat peripheral value of a
theory of learning, or a theory of human behavior in general, is
that it forces objective descriptions of conditions and processes.
It thus discourages conclusions based solely on intuitive and/or
personal grounds.

2. An organism tends to learn best that response, in all
of its dimensions, which tends to connect most closely with that
(particular) stimulus in all of its details. That is, maximum
learning tends to occur when an individual is required to do exactly
th2 thing learned under exactly the same conditions as those under
which he learned it.

The relationships between the working papers and the
Conference presentations are '"'specified" in Appendix D, Section II.




17

3. Speed of response is a part of that which is learned.
The development of more effective and more efficient learning
experiences depends upon appropriate recognition of this princi-
ple. For example, a teaching machine based on this principle
would be geared to more of the more significant dimensions of
student ability--including the speed dimensions of learning input
and response output.

4. The speed at which subject matter is presented tends
to be directly related to the speed at which it is learned and (later)
recalled cr repeated.

5. Although fast responses tend to be more difficult than
slow responses, the effect on response of a difference between
input (presentation) and output (response) speeds is not thereby
completely explained. A more general explanation appears to be
that one condition for optimum learning is that input speed be the
same as output speed.

6. A micromolar stimulus-response theory of learning
assumes, in part, that fast responses are different from slow
responses.

7. Classical theories of learning tend to define responses
by their qualitative properties and by their topography. They treat
speed of response as an indicator of how well something has been
learned.

In total, Dr. Logan's presentation gives a clear-cut ex-
planation and documentation of a micromolar theory of learning.
In terms of Conference purposes, the most significant part of the
presentation is its exposition of the research and professional
practice application potentials of scientific theory. Specifically,
some research potentials of theory are strikingly presented in the
illustration of how a theory can be used to integrate research find-
ings, and how it can be extended--not without some risk--to prob-
lems and to situations broader than those from which it was de-
rived. Some professional practice potentials are identified and
illustrated in the description of a way of devising a ""best training
schedule, " and in examples (at the end of the presentation) of what
a theory can contribute to the identification, explanation, and res-
olution of practical problems.
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Toward the Reduction of a Difference-Signal

Dr. Bern's presentation to the Theory Conference builds on Dr.
Hoban' s pre-Conference working paper. It supplements and ex-
tends Dr. Hoban's manuscript, analyzes earlier papers and pre-
sentations, and develops an integrating point of view for future
developments in this area.

It must be noted that Dr. Hoban was unable to attend thc
Theory Conference. Dr. Bern, with but a week to prepare, un-
dertook the difficult task of preparing the concluding Conference
presentation. The paper itself is a measure of his success. . . .

Dr. Bern's sperific pu."pose is to reduce the '"differences"
between two interpretations of the structure, content, and pro-
cesses of the New Media Theory Conference. These two inter-
pretations are characterized by: (1) major emphasis on the new
media as related to the nature of tl.eory and to the potential role
of theory in new media research and in the application of the find-
ings of new media research, and (2) major emphasis on the pro-
cess of integrating new media theory, research, and the applica-
tion of research results. The major elements of Dr. Bern's pre-
sentation are emphacized by the numbered paragraphs whirh fol-
low:

1. First, the "difference-signal" is explained and illus-
trated. Then, for purposes of "reduction,' it is separated into
two components: a new media and an integration component. The
"reduction' is attempted by a series of questions and answers.
First, plausible and leading questions are posed. Possible an-
swers are sought by drawing upon the working papers, the Con-
ference presentations, and upon related areas of research and
analysis. This process is particularly interesting because of the
nature of the data used, the patterns in which they are arranged,
and the interpretations which are attached to them.

2. The new media component of the difference-signal is
"reduced" by asking questions about the definition and meaning of
the corcepts '"'new media'" and 'theory." The answers which are
suggested point to educational technology as the concept which
promises to '"reduce' this component of the difference-signal.

3. The integration component of the difference-signal is
"reduced" by means of criteria used in evaluating theories. These
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criteria are abstracted from the literature, from the pre-Con-

‘ference working papers, and from the oral presentations made at

the Conference. They are then offered as elements of a logical
"instrument" for integrating new media theory, research, and the
application of the findings of research.

4. The presentation concludes by questioning the basic
assumption underlying the New Media Theory Conference, namely,
that scientific theory--current or future--can make significant
contributions both to planning and carrying out research on the
new media in education, and to applying the findings of this re-
search. In keeping with the spirit of the Conference, a positive
reply is clearly implied. Purposefully, the reply avoids that
degree of dogmatism which discourages additional questioning.

At least three elements of this presentation are note-
worthy: (1) the concepts from systems engineering and research,
(2) the references to related research and writing, and (3) the
examples which are used--and the way in which they are combined
for the purposes of the presentation.

Summary: Work-Discussion Group Reports

Setting for the Work-Group Reports

The decision to use work-discussion groups in the New Media
Theory Conference was based on a two-dimensional rationale.
First, there was the potential contribution of the group reports
themselves. Second, and not entirely unrelated, was the realiza-
tion that the discussion group approach provided an opportunity
for exploiting more fully the unique, face-to-face, interaction po-
tentials of the conference method.

The potential contribution of the work-group reports is
indexed by the content of Part IV of this report and by the sum-
mary which follows. The attempts to strengthen the work groups
as a unique aspect of the conference method are indexed by the
provisions to enhance group interaction and productivity. Opera-
tionally, the latter was attempted by a combination of oral and
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(then) written communications emphasizing aspects suck as: Con-
ference purposes, work-group processes and procedures, pos-
sible topics for discussion, and the nature of the work-group
reports.

As suggested in the oral and written "specifications, "
the work group reports followed a variety of forms. Some of
the reports were directed to major audiences: the Conference
planners, the United States Office of Education, and the profes-
sion generally. Others were organized in terms of four dimen-
sions of the Theory Conference: (1) organization and content,
(2) strengthening new media research and application, (3) improv-
ing the dissemination of research results, and (4) sharing the
unique products of the work-group deliberations. Still other re-
ports were directed entirely along the '"unique products" dimen-
sion. The summary which follows uses the four dimensional
structure.

Conference Organization and Content

In general, the groups which addressed themselves to this subject
grouped their comments in three categories: positive, negative,
and "other."

Theory Conference Strengths. --The major strengths of
the New Media Theory Conference were identified approximately
as follows:

1. The quality of the resource people, the working pa-
pers, and the Conference presentations tended to be
high,

2. The idea of sending the working papers to participants
and soliciting their reactions prior to the Conference
was excellent.

2 : :
4The documents dealing with the formation, operation,

and reports of the work groups are given in Appendix E.

-
2"’Appendix E, Item 9 gives the detailed suggestions for
preparing the work-group reports.
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3. The work-discussion group sessions were stimulat-
ing and productive.

4. The availability of the resource people as work-group
participants and consultants was excellent.

5. The Conference was well paced and did not make un-
reasonable demands on the participants.

6. The excellent facilities and services contributed to
the success of the Conference.

Theory Conference Weaknesses. --In general, what one
group saw as a strength another group saw as a weakness. How-
ever, the major thrust of the critiral comments was in the direc-
tion of how what was done might be improved--or what additional
alternatives might have been considered. In sum, the Theory
Conference might have been improved:

1. If its objectives had been less ambitious and more
clearly defined.

2. 1If the participants had been selected on a different

basis and grouped according to area of professional
interest/activity.

3. If the working papers and the Conference presenta-
tions had been less repetitious--and the latter more
responsive to the pre-Conference feedback,

4. If the Conference program had been designed to in-
clude a greater variety of activities, to reduce dif-
ferences in points of view among the resource people
to enlarge the discussion role of participants, and to
give more attention to theory application,

?

5. If the work groups had been organized to increase
member security and to improve communication.

Additional Alternatives. --Several groups, without iden-
tifying (explicitly) either Conference strengths or weaknesses,
suggested alternatives which might have been, or ought to have
been, considered:
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1. The content of the Conference working papers and
presentations might have been more '"global" or gen-
eral, and more compatible with extension/application
to the new educational media.

2. The three most critical problems of the new media
are related to; (a) the nature and content of theory,
(b) the problems of communication among academic
disciplines, and (c) the task of learning about signifi-
cant research findings.

3. A more productive conference approach might be to
focus initially on typical problems in the new educa-
tional media and then to move to more basic, theo-
retical concerns.

Strengthening New Media Research
and Application

In general, the observations and recommendations offered in the
work-group reports were given in some detail. They were ad-
dressed, explicitly or implicitly, to the new media research/
application professionals and to the United States Office of Educa-
tion as sponsor of the new media research and application pro-
gram,

To the New Media Professionals. --Although stated in a
variety of forms, the group reports usually identified their obser-
vations as '""needs'' and distinguished between practitioners and
researchers as the '"'needy.'" Thus, to summarize both the "what"
and the '""who'":

1. There is a general need to define terms clearly, to
classify the new media, to relate research and prac-
tice to educational objectives, to develop measure-
ment/evaluation devices, to develop theory to under-
gird research and practice, to encourage support of
non-traditional research, and to encourage profes-
sional participation in developing the potentials of the
new media.

3
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The new media practitioner needs to develop under-
standing of the problems and implications of re-
scarch design, to master the content and methods
for bridging the gap(s) between theory and practice,
and to become familiar with the significant research
literature of at least one of the social sciences.

The new media researcher needs to become more
sophisticated in designing research, to master the
art and science of research design, to develop bet-
ter research tools, to develop conceptual schemes
for new media research and application, to obtain
training in one or more of the basic social science
disciplines, and to be able to make multi-dimensional
analyses of data collected in multi-dimensional, new
media research settings.

To the United States Office of Education. --The major

suggestions and recommendations addressed to the United States
Office of Education were:

1.

Encourage and support new media projects focusing
on research design and methodology, on open-ended
instructional situations, and on the efficiency of
media in reaching specified educational goals.

Sponsor multi-discipline work sessions to develop
basic research materials for new media research.

Encourage and support multi-disciplinary task groups
working or. significant and manageable problems in
new media research and application.

Support a delayed follow up of the New Media Theory
Conference to determine its long range effects.

Improving Dissernination of Research Results

Although some of the preceding suggestions clearly apply to the
dissemination of research results, additional possibilities were
also reported by the work groups.
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To the United States Office of Education. --Three major

requests were directed to this agency:

1.

Encourage and support conferences and workshops
on new media research and application.

Collect, synthesize, and disseminate the findings of
new media and related research.

Encourage and support increased contact and inter-
action among new media practitioners, researchers,
and those who function as mediators between re-
search and practice.

To the New Media Professionals. --In turn, the new media

professionals--the researcners, the practitioners, and those in-
between--were urged:

1.

To up-grade their knowledge of the new media and
related fields, and

To help devise the tools and the methods to exploit
more fully and to add to this knowledge.

Unique Products of the Group Discussions

In addition to the informal comments and appraisals, and the more
formal recommendations, several of the groups reported on unique
approaches and schemes for achieving some or all of the purposes
of the New Media Theory Conference:

1.

Group B proposed an approach which posed basic
questions about education and about the nature and
potentials of the new media, and then combined these
two aspects in order to determine how the new media
fitted into the educational process.

Group D's approach to finding a theoretical base for
new media research and practice was to fill in the
gaps along a continuum ranging from theory/research
to application/practice.
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3. Group E chose to devote most of its efforts to the
development of a ten-step policy for new media re-
search and application.

4. Group C gave major attention to developing a sys-
tems approach to the new media and teaching-
learning in an attempt at developing gene ral guide-
lines for effective teaching by the new educational
media.
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Structure and Function
of Scientific Theories

Richard S. Rudner
Department of Philosophy
College of Science and Arts
Michigan State University

Purpose and Definition

Introduction

One of the main purposes of the discussion to follow is to bring

to your attention a set of powerful and significant results achieved
in Philosophy of Science in roughly the past twenty-five years by
men such as Braithwaite, Carnap, Churchman, Goodman, Hempel
and Nagel. These results, in the main, furnish the basis for my
remarks about theories in social science.

2

However, in tryiag to convey these results to you, I am
immediately confronted with a very wicked dilemma. Some of
you may be already familiar with them. This possibility doesn't
worry me 100 much, for the results are important enough to bear
repetition. What does disturb me, rather, is the manner in which
these results should be presented.

I have, prima facie, two alternatives. I might present
the remarks in such detail, in such elementary step-by-step
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fashion, that none of them--or the jargon used to describe them--
would seem in the least mysterious to you. The chief difficulty
with this alternative is that its very simplicity is likely to insult
at least half of you. The second alternative is, of course, to try
for succinctness by a free and uninterrupted use of the quite "ice-
bergian'' or, to change the metaphor, very compressed, concepts
that make up the jargon of logical analysis. This alternative,
however, is likely to leave the discussion opaque to about half of
you. It is thus likely to be insulting to those people who would
not be insulted by the first alternative.

In the light of this situation, perhaps my best strategy
is a minimax: choosing one of the two wicked alternatives, and
Lus assuring myself that approximately half of you wiil remain
uninsulted by the manner of presentation. Despite this possibility,
I have actually chosen the more risky sirategy of compromising
between a wholly elementary exposition and a wholly sophisticated
one. To give a middling-sophisticated exposition is obviously
more risky--since, if it is unsuccessful, all of you will be insulted.
On the other hand, the rewards of carrying it off successfully are
too compelling! The fact is, I just don't want to insult half of you.

As a result of my choice, there will be instances in which
I am aware of having sacrificed expository simplicity for succinct-
ness. Perhaps these instances can be elaborated later, if you have
questions about them. . . .

Purpose

In this essay, my primary concern is with the nature and function
of theories. The essay itself has three main parts: first, a con-
sideration of the logic of fully formalized theories; second, a
consideration of the logic of partially formalized theories; and
third, a consideration of the function of some types of theoretical
formulations in science.

Definition of Theory

I presume that I do not have to labor the point that there are few
terms in the scientific lexicon whose use, both by scientists and
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and non-scientists, has remained for so long i. so scandalously
an anarchic a state as has the term "theory." Like the term
"model, " about which I shall also have something to say, the

term "theory'" is used in a wide variety of senses. Many of these
usages are quite obviously inane, Use of the term in such lozu-
tions as, 'It's all right in theory but it won't work in practice, "

or "That's merely a theory and not a fact,' are, for example,

not ones with which the present discussion will be concerned. The
sense of "theory' which it is the first task of this essay to expli-
cate is the sense in which the term is used in expressions such

as quantum theory, or relativity theory, or Hullian learning theory
--that is, the sense in which we refer to thermodynamics, or to
classicial mechanics, or to genetics as theories.

In this sense, it is relatively easy to give an initial char-
acterization of theories: A theory is a systematically related set
of statements, including some lawlike generalizations, which is
empirically testable. Now it would be well to be wary of what-
ever this deceptively simple formulation seems immediately to
convey to you. It is one of those "icebergian' formulations which
I mentioned earlier. Indeed, to unpack it logically and completely
(to change the metaphor again) would be a task immensely beyond
the scope of any one essay. In elaborating on this formulation here,
I shall not succumb to the very real temptation to talk about obvi-
ous candidates for elaboration, which occur in it, such as "law-
like generalization' and "empirically testable." Instead, I shall
confine the discussion almost exclusively to the apparently unsen-
sational--but, to my mind--utterly crucial term ''systematically
related. "

What is meant by saying of a set of statements that they
are systematically related in the sense relevant to our present
concerns ? I think almost anyone who comes to the age of reason
in western society has at least an intuitive inkling of the import
of the term. For example, we are all familiar with the view that
it is not the business of science to heap up unrelated, haphazard,
disconnected bits of information. It is an ideal of science to give
an organized account of the universe--to connect, to fit together--
in relations of subsumption, the statements embodying the know -
ledge which has been acquired. Such organization is, in fact, a
necessary condition for the accomplishment of two of science's
chief functions: explanation and prediction. But the sort of sys-
tematic relatedness epitomized among the statements of scientific
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theories is deductive relatedness. Thus, the actral formulation
of scientific theories will approximate, to varying extents, the
explicit deductive development and interrelationship of the state-
ments they encompass. The full development of a theory as a
completely articulated deductive system is called "a formaliza-
tion'" of that theory.

In practice, to be sure, only a very few theories achieve
full formalization. Indeed, for reasons which will emerge pres-
ently, it is not altogether clear that attempts at full formalization
are always good strategy. This observation holds particularly
for those sciences in which our knowledge is relatively tentative
and restricted, and our uncertainty about the precise meaning and
centrality of the most frequently used concepts is marked.

In contrast with conditions which may belie the wisdom
of some attempts at full formalization of theories in the social
sciences, conditions in some of the physical sciences have been
more promising. In some areas in physics, for example, condi-
tions have favored productive attempts at full formalization of
complete and ramified theories.

In physics, theories peculiarly amenable to full formali-
zation have been of two kinds. First, there have been readily
available purely formal (i.e., non-interpreted) systems with res-
pect to which these theories have heen easily put into the relation-
ship of empirical interpretations1 (e.g., in the manner in which
physical grometries are related to purely formal geometries).
Second, there have been theories such that, on the one hand, there
was little disagreement about the meaning and the centrality of the
concepts they used; and, on the otner hand, the theory in question
was regarded as virtually complete (in the sense that it appeared
to make many of the significant assertions about the subject to
which it referred). Classical particle mechanics is a theory of
the second kind. The recent important achievement of its form-
alization by McKinsey and Suppes is, of course, the best evidence
for the ripeness of theories, in such stages of "'completeness, "

IThe technical sense of "interpretation" which is inten-
ded here will be explained below.
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ror full formalization. 2

Despite these notable exceptions, it is scarcely contro-
versial that the overwhelming majority of extant scientific theo-
ries, especially theories in social science, are not at present
susceptible to easy or fruitful full formalizalion. However, one
of the principle points to be discussed below is whether some
partial formalization of many of these theories may be both desir-
able and practically accomplishable. In order to make clear the
major points of this discussion, it will be necessary to specify in
some detail characteristics of the formalized system of calculus.

Deductive Systems

Purely Formal Systems

I shall begin with a relatively loose description of a formal sys-
tem in order to convey quickly an intuitive notion of that which is
being discussed. A formal sysiem is best construed as a special
kind of language system.

Suppose we are faced with the problem of finding a way
to gencrate a "'natural' language, say English. What things would
we have ‘o know about English in order to solve such a problem?
Please note that I am using ''generation” in a way such that the
generation of the English language is said to be accomplished by
writing down, or by exhibiting in some other manner, every per-
missible (i. e., grammatically correct) English sentence. Cor-
respondingly, the language is said to be generateable when a

There are, of course, well known difficulties to the
full formalization of any empirical theory. These difficulties in-
volve those branches of mathematics which themselves have (thus
far) presented serious obstacles to full formalization. In the con-
text of this essay, set-theoretical axiomizations (in the sense of
Suppes) as well as meta-mathematical (syntactical and seman-
tical) treatments are undifferentiated as formalizations.
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method is produced by means of which it is demonstrated that the
language can be generated.

The "generation' problem thus becomes, "Wnat do we
have to know about IEnglish in order to be able to write down (for
example) every grammatically correct English sentence?"
Assuming, for the moment, that this task is finite, a little reflec-
tion will show that we would have to know at least two 1hings.
First, we would have to know the elements of the English language,
that is, every word in the total English vocabulary. Second, we
would have to know the rules governing permissable permutations
of these elements, that is, the total syntax of English. In short,
we would have to have a list containing every English word, and
a list containing every English rule of grammar. The English
language could then be generated simply by making appropriate
applications of the items on the list of elements (words) to the
items on the list of rules (syntax).

Now it is clear that in speaking about English--or, for
that matter, about any natural language--in the manner above, we
have been taking extravagant liberties. In particular, we have
made some extremely dubious assumptions. Among them have
been the assumption that there is a class of terms which cogently
can be said to comprise the vocabulary of English, and the assump-
tion that there is a class of rules which cogently can be said to
be the syntax of English. Actually, we have good evidence that
both of these assumptions are false. A natural language is ob-
viously in constant flux, both with respect to its vocabulary and
with respect to its grammar. Only a completely arbitrary deci-
sion could fix, at any given instant, any set of rules or words as
constituting the English language.

But I began by referring to a ''natural’ language in order
to emphasize the point that these as,sumptions are not dubious when
made for constructed or artificial languages in which the vocabu-
lary and the syntax can be determinately specified. The point is
that the generation of a constructed language can proceed in the
manner described.

There is, moreover, another important fact that dealing
first with a natural language serves to highlight. You will have
noted that at no point in the discussion of the task of generating a
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language was it necessary to refer to the meanings of the terms
which are the elements of languages. It is indeed the case that,
if there is available a list of the elements of a language and a list
of the rules (the rules may, of course, be couched in another lan-
guage and vet specify all permissible permutations of those ele-
ments), then the language can be generated without knowledge of
the meaning of any of the terms of the language.

A purely formal system or calculus may be construed as
a generated (or generateable, in the sense given above) language
to whose elements meanings are not assigned, or the meanings of
whose expressions, if they antecedently have meanings, are de-
liberately disregarded.

All calculi, then, have the characteristics given below.
They comprise:

1. A class of primitive elements; and,

2. A class of syntactical rules for concatenating the
primitive elements into more complex expressions,
and for transforming complex expressions into other
evpressions,

In addition to these characteristics, most calculi contain:

3. A class of expressions, concatenated out of the
primitive elements in accordance with 2, above,
(but not derived by transformations on other expres-
sions) which are the primitive concatenated expres-
sions or axioms of the system;

4, A set of definitions through which new elements are
introduced into the system by being defined in terms
of the primitive elements.

5. A set of expressions, derived by transformations on
the axioms, which are the theorems of the system.

It should be noted that not every element or term employed
in a system can be defined in that system. It follows that the class

of the system's elements will usually be divided into two kinas:
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the primitive or undefined elements and the defined elements. The
reason why some of the elements of any system must be left un-
defined is that to do otherwise would be to incur a vicious circu-
larity--since any term in a system can be defined in the system
only by terms of that system. Thus, if all elements of a system
were defined, they would be defined in terms of each other.

In general, every expression of a system in which a de-
fined term occurs can be replaced by an equivalent expression
which uses only primitive elements of the system. In this sense
and speaking strictly, defined terms are superfluous in a purely
formal system. The raison d' etre for definition in a purely for-
mal system is simply to take advantage of whatever notational
convenience the definitions effect.

Usually, the syntax of a system is subdivided into two
parts. First, there are the formation rules which specify what
combinations of the primitive elements are permissible combina-
tions. Second, there are the transformation rules which prescribe
what permissible transformations can be wrought on permissible
expressions in order to obtain other permissible expressions.

Again, it should be noted that a calculus usually contains
some underived or unproved expressions, that is, some axioms,
For much the same reasnn, namely, the avoidance of vicious cir-
cularity, it mus. contain rimitive elements. In this case, how-
ever, it is vicious circularity in proof that is avoided rather than
vicious circularity in definition.

The theorems of a system are derived by application of
the transformation rules to the axoms of the system.

It should be again emphasized that the entire process of
generating such a purely formal system is accomplishable purely
syntactically, that is, without recourse to considerations of the
meanings or of the semantical characteristics of any expression.

Interpretation of Formal Systems

A purely formal system, or calculus, then, is one in which mean-
ings (if any) that the elements may have had associated with them
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are disregarded. Understanding the import of this characteristic

puts us in a position to explicate more adequately the concept,
deductive system.

Suppose that one of the axioms of our purely formal sys-
tem is:

1. aO(bOc) = (aOb)Oc

The symbols comprising this formula are uninterpreted in our
purely formal system, that is, we assign no meaning to them.
Now, suppose that, in formulating a series of rules of interpre-
tation, we specify that the lower case alphabetical letters in the
formula are to be construed as propositional variables (that is,
as variables which take declarative sentences as substitution in-
stances); that "O" is to be construed as indicating the operation
of disjunction; that "=" is to be construed as indicating the bicon-
ditional operation; and, finally, that parentheses are to be used to
indicate the scope of operators. If we do this, we find that our
interpretation yields a truth of Sentential Logic, namely, the one
ordinarily written:

1'. pV(qVr) = (pvq)Vr

Now, if all the axioms of our system--let us call the sys-
tem "B'"--are similarly interpretable as truths of the Sentential
Logic, the latter is said to be an interpretation of B, and B may
be said to have a model in the Sentential Logic. In the present
case, our example axiom is one from the purely formal system
generally referred to as Abstract Boolean Algebra--as that sys-
tem is frequently formulated. If the axioms of Boolean Algebra
are, all of them, interpretable as truths of the Sentential Logic,
we say also that the axiom set of Boolean Algebra is satisfied in
the Sentential Logic. The Sentential Logic does, as a matter of
fact, satisfy the axioms of Abstract Boolean Algebra.

It is of some interest to note that the Sentential Logic is
not the only model of Abstract Boolean Algebra. The axioms of
the latter are also, for example, satisfied in the Logic of Classes.
One may give some indication of the power which dealing with for-
mal systems confers, and also of the importance of the concept
"model" in formal science, by pointing out that every theorem of
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a formal system wiil be satisfied in every system which satisfies
its axioms. That is, every theorcm of a formal system will be
satisfied in every system which is a model of it, This being the
case, it is possible, in constructing proofs in a purely formal
system, like Boolean Algebra, to prove not only the single theo-
rem of that system but rather the numerously populated classes
of theorems in all of its models simultaneously.

Semantical Rules of Interpretation

As has been mentioned, the generation of a purely formal lan-
guage system takes place without any recourse or reference to

the meanings of the expressions of the system. However, in

order for such a system to have an application, it is necessary

to interpret it. That is, it is necessary to specify explicitly mean-
ings for the expressions of the system., Following Carnap, this
specification may be accomplished by supplementing the set of
syntactical rules used in generating the system by a set of seman-
tical rules which specify an interpretation of the hitherto purely
abstract sysiem.

The set of semantical rules 1s divided into two subsets.
One subset comprises the rules of designation for the primitive
elements of the system--the primitive elements other than logi-
cal signs. These primitive elements then become the descriptive
or empirically referential terms of the interpreted system. Their
designata are construed as having been determined by explicit
semantical rules of designation. The second subset determines a
class of truth conditions for expressions of the system and there-
by also furnishes interpretations for the logical (i.e., non-desig-
native) signs of the system.

The descriptive terms of the system, whose designata
are determined by the rules of designation, may be divided into
names (which designate individuals) and predicates (which desig-
nate properties). A given rule of designation will specify, for
each name or predicate, some thing or property as its designa-
tum.

A semantical rule of truth might be couched as follows:
RULE: Any expression of the form " is ,'"" (where the
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first blans represents the occurrence of a name and the second
blank the occurrence of a predicate) is true, if and only if, the
thing designated by the name in the firgt blank has the property
designatzd hy the predicate in the ~ccond hlank.

It should be noted that tuis rule, in laying down 2 truth
condition for the expression, gives us an interpretation of the logi-
cal operator ''is, " namely, the predication of properties of indi-
viduals.

A purely formal system, then, will be said to have been
interpreted il a complete set of semantical rules of interpreta-
tion--of the sort just described--has been provided for all of the
elements of that system.

In this essay, when reference is made to a fully formal-
ized empirical theory (that is, a theory which contains among its
axioms some empirically true or f-.se statements), what is in-
tended is that rara avis, an empairical theory which has been ex-
plicitly and completely structured as an interpreted deductive
system.

Concept Formation and Introduction

Explicit Definition

It has frequently been pointed out that two crucial foci of logical
problems of theory construction are: (1) formalization and for-
mation, and (2) introduction of concepts into a theory. In the pre-
ceding section we héve surveyed conditions involved in the full
formalizaticn of a theory. In this section. we shall turn to fac-
tors involved in the introduction of concepts into a theory.

In a fully formalized theory, the procedure for introduc-
ing new concepts or new terms is well specified. The method
must be equivalent to the introduction of the term by explicit defi-
nition--the definiens being composed either of primitives or terms
ultimately defined by primitives. Inan interpreted deductive sys-
tem, a definition may perhaps best be understood as a rule or a
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proposal concerning linguistic replaccability. It ordinarily hes
the following form: ----- =df ..... and may be rcad "

(some term) is definitionally equivalent to ... .. (some other
term)." The term being defined is called the definiendum and
occurs to the left of the definitionrl equivalence sign. The term
by which the definiendum is defined is called the definiens. The
specification, in an explicit definition, that some term is defini-
tionally equivalent to some other term is, at least, a specification
that the definiendum and the definiens are mutually replaceable in
any statement in the system without altering the truth value of
that statement. Thus, a definition is a stipulation that, if a state-
ment is true, it will remain true after the replacement of any of
its terms by definitionally equivalent terms--and correspondingly
for a false statement. This salva veritate condition. as has been
indicated, is a necessary part of what is specified in every ex-
plicit definition. Indeed, it has been held that this condition is the
whole of the import of any assertion that a pair of terms are defi-
nitionally equivalent.

3It is the existence and prima facie cogercy of the salva
veritate condition which throws doubt on the propr.ety with which
so called "operational definitions" and "ostensive definitions' are
thought of as derinitions. It seems evident that the processes
named by these two terms are thought to be definitions because
they are processes by which the meaning of terms are conveyed.
But little reflection is needed to reveal that conveyance of mean-
ing is not a necessary, and certainly not a sufficient, condition to
be fulfilled by a definition.

It is not a sufficient condition, for meanings are conveyed
by an immensely large number of things (from the tilt of an eye-
brow to the tilt of a B-59 wing) which it would be absurd to refer
to as "definitions. "

That it is not necessary for a definition to convey mean-
ing is evinced by the existence of the great number of definitions
in purely formal mathematics and logic which do not convey mean-
ings and which are introduced solely to serve the purpose of nota-
tional convenience.

In the light of this discussion, "operational definition"
and "ostensive definition' are recognizable as misnomers. They
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Ideally, then, an empirical scientific theory will com-
prise an explicitly articulated deductive system into which new
concepts are to be introduced by means of explicit definition in
terms (ultimately) of the primitives of the system. A somewhat
simplified example will illustrate the process.

Suppose that we are interested in introducing the "new"
concept ''Sister' into an axiomatized theory of kinship in Anthro-
pology. Assume that the universe of discourse, that is, the class
of all objects covered by the theory, is the class of human beings.
Assume also that the usual logical operations have been appropri-
ately introduced, and that among the extralogical (descriptive)
primitives of the system are ""Male'" and '"Parent."” "Sister"
may be introduced into the system through the chain of definitions
given below. Notice that this chain of definitions also introduces,
incidentally, the "new" concepts '"Child," "Sibling,'" and ""Female."

Definition 1. "x Child y" = df "y Parent x"

Definition 2. "w Sibling z" = df "(Ex) (Ey) [ (w Child x) -
(w Child y) - (z Child x) - (z Child y) -
~(X = y) . A~ (W = Z)]ll

refer, respectively, to: (1) the processes of conveying the mean-
ing of a term by indicating the operations required to test for the
presence of the thing to which that term refers, and (2) the pro-
cesses of conveying the meaning of a term by exhibiting the things
to which the term refers. It would be somewhat more accurate
to label these processes ''operational conveyance of meaning' and
"conveyance of meaning by ostention. "

Of course, although definitions need not convey the mean-
ings of their definienda, it is obvious that they sometimes do and
that they are frequently constructed for the purpose of doing so.

4In what follows, an expression like '""Male x' is to be
read 'x is a Male.'" Expressions like ""x Parent y' are to be read

"x is a Parent of y." The sign "-" is read "and.' An expression
of the form "(Ez) [..... ]" is read "there is at least one thing z,
such that ..... " The sign "~" is read "it is not the case that";

and the sign '"=" is read '"is identical with."
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Definition 3. "Female x'' = df "~ Male x"

Definition 4. "x Sister y" = df "x Sibling y -+ Female x"

Little reflection is required to see that many other kin-
ship terms could be easily introduced, solely on the basis of the
two extralogical primitives and a set of logical concepts.

Thus far we have not turned our attention to any of the
conditions which might determine the selection of a set of extra-
logical (descriptive) primitives in a formalized theory. One of
these conditions is of special importance for the presenti discus-
sion. Specifically, this condition is that sets of such primitives
should be comprised of observational, or as we shall say more
frequently, ''experimental' terms. The import of positivist,
pragmatist, and operationalist philosophies of science on the
thinking of methodologically self-conscious scientists has perhaps
been so pervasive as to require no extended commen. on this
point here. It is clear that one way in which the demand of ex-
perimental testability on any candidate concept for a theory can
be met, is to introduce it into the theory through explicit defini-
tion by primitives which, themselves, are %nown to have experi-
mentally testable reference. Thus, tke importance of the experi-
mental testability condition for a set of primitives lies in the fact
that any set which meets this condition in a theory guarantees that
all new concepts introduced through explicit definition will, as a
consequence, be experimentally testable concepts.

Dispositional Predicates

A1l of the considerations, which have thus far been elucidated,
have application only to fully formalized empirical theories. How-
ever, as indicated at the outset, in the present stage of our scien-
tific knowledge, few theories indeed lend themselves to easy or
fruitful full formalization. Accordingly, it is appropriate to con-
sider what techniques may be available for concept formation and
introduction in theories which are not fully formalized. Before

5A similar explanation and a clear discussion of explicit
definition may ke found in the Hempel citation given in the bibli-
ography at the end of this essay.
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going into this matter, it will be convenient to consider certain
difficulties which cenfront important cases of concept introduc-
tion--in fully formalized as well as ia partially formalized theo-
ries.

One such difficulty is presented by the apparent neces-
sity to introduce into any empirical theory of significant predic-
tive power, a class of concepts or terms that are usually referred
to in the literature of analytic philosophy as dispositional predi-
cates. ''Dispositional predicates" is a class of terms which refer
to dispositional properties.

It is clear that, when we assert that some entity has a
disposition to manifest, or a potentiality for manifesting, some
property, we are saying something different from the assertion
that it has manifested or does manifest that property. Thus, to
say that a house is combustible is obviously not the same thing
as to say that it is burning--as insurance companies will cheer-
fully affirm. Indeed, it is obviously possible that entities, of
which we assert truly that they have dispositions to manifest cer-
tain properties, may never exhibit those properties.

The ubiquitousness and the pivotal character of disposi-
tional predicates in all branches of empirical science is apparent
when we remember the frequency of occurrence if "ible" and
"able" in terms like "combustible, ' ""'soluble,' "observable, "
"filterable, ' etc. Terms of this kind, so to speak, wear their
dispositionality on their sleeves. In addition, the nature of dis-
positional predicates is further illustrated when we consider the

very large number of terms like "magnetic, ' "elastic,' "attitude, "
"reflex, " "habit," "response repetoire,' "personality," Lard-
ness," "conductor," etc. Under analysis, these terms turn out

to be dispositional predicates. A glance at even this minuscule
list is sufficient to indicate the essential role of dispositional
predicates in the theories of contemporary science.

The difficulties presented by these terms stem from the
fact that, despite their crucialness in science, we cannot in gen-
eral adequately define such terms by non-dispositional, that is,
"direct observation' terms of the sort we stipulated to occur in
the set primitives of a formsalized empirical theory. The signifi-
dance of this negative result in contemporary Philosophy of Science
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is that it places in doubt any general program for theory system-
atization. Like the kind of full formalization suggested above, it
limits the method of concept formation or introduction to that of
explicit definition on the primitive basis of "direct observation"
terms,

It is clear that, in general, a method other than explicit
definition is required for the introduction of dispositional predi-
cates. Such alternative methods, of varying efficaciousness,
have been suggested. For example, Carnap's technique of re-
duction sentences is, perhaps, the most widely known. However,
insofar as a device alternative to explicit definition is used, the
resulting systematization of the theory will fall short of full for-
malization on a directly observable primitive basis. Since the
problems of introducing dispositional predicates remain, the use
of devices like reduction to accomplish their introduction--or
even better alternative devices--may be expected to be a charac-
teristic of partially formalized theories.

Perhaps what I have said up to this point is sufficient to
give you: (1) a notion of the logical structure and character of
empirical theories, and (2) a notion of a model. However, we
are not yet quite ready to turn our attention specifically to theo-
ries in the social sciences. . . .

Earlier in my essay, I remarked on the fact that very
few scientific theories have been, at least up to the present time,
formulated as fully formalized deductive systems. The reasons
for this condition are varied and many and, I think, utterly fas-
cinating. 6 However, it would be too much of a digression to ex-
amine them here. Suffice to say that, in most scientific areas,
certainly in the social sciences, we must at present rest content,
in our theories, with something short of full formalization.

6A dispositonal predicate is not the only kind of term
which presents obstacles to definition by the experimental primi-
tives of a fully formalized theory. It has been established that
metrical concepts (''length," for example), whose range of values
may irclude portions of the sequence of reals, cannot be defined
by means of "direct'" observation or experimental terms.
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This observation, of course, leads to some provocative,
and--it seems to me--quite important questions. For example,
"How far can, or ought, we to go at a given stage of inquiry in
formalizing theory?' Equally important, '"What are the partial
formalizing techniques that might be fruitfully applied?"

Now, difficult as it may be for you 10 believe, philoso-
phers of science as a tribe sometimes manifest certain defects.
These defects occasionally take the form of a kind of insensitivity
to some of the most poignant methodological troubles whicn be-
devil the scientific colleagues whom they sometimes purport to
serve. The news that classical particle mechanics has been fully
formalized, and an accompanying lecture on what this means,
may bring precious little comfort. It may be illuminating to the
social scientist who sees himself as trying to pierce just a little
bit the veil over the connections, if any, among the three or four
diminutive hypotheses he has been nursing. A partial formaliza-
tion, however, might be immensely helpful to him. Unfortunately,
the problems of partial formalization have received almost no
attention from philosophers of science. I think that these prob-
lems are particularly relevant in the social sciences. In the
brief sections which follow, I shall try to introduce notions which
I believe have special relevance to these problems.

Partial Formalization

Theories in the Social Sciences

The foregoing considerations have led inevitably to the conclusion
that, in the systematization of empirical theories (certainly in the
social sciences), we shall have to be content with iess than full
formalization. This conclusion, of course, leads to the provoca-
tive questions: 'At any given stage of inquiry, how far can we,

or ought we, to go in formalizing theory?' and '"What are the for-
malizing techniques, even partial ones, which may be fruitfully
applied?'" These questions, and certain related considerations,
will occupy us through the remainder of this essay.
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Systematic Presupposition

One of the frequently met concomitants of merely partial formali-
zation is the presupposition of large segments of subject matter
of a field or discipline other than that to which the theory being
constructed is indigenous.

Even a cursory glance at general textbooks in fields like
Physics, Chemistry, Biology, Psychology, Sociology, and An-
thropology will reveal that exposition in any of them employs non-
indigenous concepts without explication, presupposing the ante-
cedent clarity of such concepts. In a Physics text, for example,
one is unlikely to find explications of the concepts of logic which
(essentially) are being employed. In Chemistry, non-indigenous
terms like "electron, " "electrical current,' and 'temperature"
occur, and are generally unexplicated. Similarly, there is no
explication of such non-indigenous terms as "mass' and "elastic"
in Biology; '"biological organisms' in Psychology; "biological
evolution" in Sociology and Anthropology; and a host of psycho-
logical, biological, and sociological terms in History and Eco-
nomics. These terms, and scores of others, not indigenous to
the theory which is presupposing them to be understood, are not
ordinarily employed as primitives. They are employed in a fash-
ion which is to be distinguished from that which characterizes
unexplicated terms indigenous to the theory. The latter are em-
ployed as the theory's primitives, explicitly or implicitly.

Some of the discussion to follow will be illuminated if we
pursue this distinction further. What I have been saying is that a
partially formalized theory may comprise two kinds of terms or
concepts which are unexplicated or undefined in that theory: (1)
concepts indigenous to the theory which, at any given time, have
the status of relative primitives: and (2) concepts not irdigenous
to the theory but which have a logical status still to be determined.
We are here speaking of indigenous concepts in the sense, for
example, that "'mass' would be recognized as a "term of physics'';
while "neurosis" would be recognized as a "term of psychology. "
More precisely, we shall say that a term t, which occurs in a
theory s, is indigenous 10 s if: B

(a) t is a primitive of s, or is introduced in s by means
of the primitives of s, and,

St W
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(b) there is no other theory s' such that the condition
described in (a) is met for tin s',

A term in a theory is a non-indigenous one if it is not the case
that it is indigenous in that theory.

Our present concern is with partially formalized theo-
ries. The importance of focusing attention on non-indigenous
terms in such theories is that their occurrence will indicate that
some portion (large or small) of the results of some other disci-
pline is being presupposed in the theory. Thus, for example, the
occurrence of the term '"temperature' in some present-day physi-
ological theory would indicate that a portion of thermodynamics
was being systematically presupposed. The significant fact about
such an occurrence is that, in asserting that a portion of thermo-
dynamics has been presupposed, we are asserting that a number
of statements from thermodynamics are being assumed as true in
the physiological theory--or, at any rate, assumed as true in the
sense that an explicit deduction of testable hypotheses crmprised
in the physiological theory would involve the explicit use of some
thermodynamical statements from thermodynamics as premises.

In practice, of course, explicit deductions of the kind
referred to immediately above are rarely formulated. In fact,
failure to make such deductions, and thus to establish the warrant
with which a putative prediction purports to be relevant to the
testing of a theory, is one of the most frequently encountered
ways in which current theories fall short’ of full formalization.
This failure to spell out the presupposed statements which would
be necessary for the deductions constitutive of the theory's pre-
dictions and explanations is sometiines due, no doubt, to the
theoretician's awareness of the technical difficulties which might
be involved in spelling them out. But such failure is also fre-
quently due to the theoretician's ignorance of just what, in this

7The uses of terms like '"fall short'" and "failure, " in the
present context, are not intended to suggest value judgments, We
are nct considering nere whether it is a good thing or a bad thing
for theoreticians to formulate these deductions explicitly. We
are only remarking on the fact that they do not usually do so.
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sense, his theory actually presupposes. Just to the extent that
such ignorance obtains, of course, the theory's presuppositions
are unexamined and unevaluated. Toc the extent that the presup-
positions are unevaluated, our confidence in the theory's ade-
quacy must be qualified.

Clearly, when there is knowledge that the material being
systematically presupposed in a theory derives from a relatively
well-confirmed body of statements and a relatively well-explicated
region of inquiry (such as, say, thermodynamics), our anxiety
about the adequacy of our presuppositions is not going to be the
most pressing of our concerns. Usually, however, we are not as
fortunate with respect to the material which our theory (and its
apparently feasible experimental tests) requires us to presuppose.
In such cases, the issue of weighing the cost (in its broadest sense)
of making presuppositions explicit, and assessing this cost against
the possible loss i1ncurred through not doing so, becomes a paci-
gnant concern for the methodologically self-conscious scientist.

All of that which has been saic “hus far about the system-
atic presupposition of portions of "outside' disciplines in partial
formalization applies with equal, if not greater, force where the
material presupposed cannot cogently be construed as being at all
indigenous to some other scientific area, that is, when it is made
up of pre-scientific ""common sense' or ''common knowledge."
Here, it is doubtful that even formulation of common sense pre-
suppositions, when they are involved in a theory, will enable us
to make adequate evaluations of the theory's adecuacy since the
concepts involved are likely to be vague or ambiguous--insofar as
they are pre-scientific. Yet any reflective reading of social sci-
ence theorizing will reveal the considerable frequency with which
presupposition of common sense lore of this kind occurs.

Quasi Deduction

I shall characterize as quasi deduction any inference which pur-
ports to be a deductive elaboration of a theory (e. g., predictions,
explanations, '""hypothetical'' consequences, etc.) but which, in
fact, fails to meet the requisite conditions for a deduction--gener-
ally through failure to make explicit all of the statements requi-
site as premises, as well as all of the steps and rules requisite
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for deductively deriving the conclusion. In this sense of '"quasi
deduction, " it is clear that the phenomena of systematic presup-
position described in the preceding section, will usually entail
quasi deduction. IBut there is one additional factor to notice here.

e

In a theory, quasi deduction is not confined solely to the implicit
assumptlion of non-indigenous material as premises. It is fre-
quently the case that the statements suppressed in quasi deductive
inferences would be, themselves, indigenous to the theory.

Again, insofar as quasi deduction characterizes a theory,
the theory will fall short of full formalization. The considera-
tions which apply in evaluating the adequacy of a theory, thus
characterized with respect to non-indigenous material, will also
apply with respect to failure to make explicit the assumption of
indigenous statements. That is, the reflective theorizer's actual
decisions in this connection will again be based on weighing the
cost involved in making such assumntions explicit against the loss
which may result from not doing so.

Relative Primitives and Joncept Formation

In the two sections immediatlely preceding, I have considered
partial formalization as a concomitant of failure to make explicit
the deductions (that is, the relations of subsumption) in the use of
a theory. In this section, attention will be focused not on prob-
lems of suppressed statements, but on problems of concept for-
mation in theories which are not fully formalized. We shall be
intercsted in the raticnale or the justification of the concepts
which occur in a partially fornialized theory.

In such theories, we may distinguish three techniques or
modes of concept presentation or introduction:

(a) Concepts may be introduced by explicit definition, or
by some equivalent of explicit definition, such as
recursion.

(b) Concepts may be introduced through the specifica-
tion of a sufficient condition for their application.
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(¢) Concepts may be presented as relative primitives.

Explicit Definition. -- I have already mentione. the tech-
niques of explicit definition in connection with its occurrence in
Calculi. Use of this technique in partially formalized theories
will ordinarily differ from its use in fully formalized theories
only insofar as no set of terms will be exhibited or construed as
the primitives of the partially formalized theory. Hence no set
of terms will be designated as the one in favor of which all defined
terms may be eliminated.

Conditions of Application. -~ Statements of a theory which
specify a sufficient condition for the occurrence of the designatum
of a concept, thereby also yield a sufficient condition for the ap-
plication of that concept. Thus the statement, "If an animal suck-
les its young, then it is a mammai," not only specifies a suflicient
condition for what is frequently called the occurrence of the prop-
erty of being a mammal, but it also gives us a criterion sufficient
(if the statement is true) for correct applications of the term
"mammel. "

You will have noted that specification of a sufficient con-
dition for a term's application does not, of -ourse, determine the
usage of that term, nor give its "full meaning." In particular,
the same theory may comprise a number of different statements
yielding a number of different sufficient conditions (none of which
need be necessary) for a given term's application. Thus a theory
may comprise the statement, "If an organism has a backbone,
then it is an animal, " and also the statement, "If an organism is

8For nresent purposes, we shall construe all instances
of concept occurrence in a theory which are not classifiable under
(a) or (b) as instances of (¢). This will include., among others,
all of those instances in which a necessary but not a sufficient con-
dition for the application of a concept is specified; as well as all
of those instances in which a condition correlated with (but neither
necessary nor sufficient for the occurrerce of) the concept's des-
ignatum is specified.
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warm blooded, then it is an animal.'" Each of these statements
partially determine the usage or meaning of the term, "animal,"
In a sense, both together more fully determine the usage of the
term ""animal' than either alone. However, neither separately
nor together do thcy completely determine the usage or meaning
of the term.

Relative Primitives, -- Finally, in partially formalized
theories, there will usually occur terms which are not introduced
in any of the ways discussed in this section. To these terms, we
shLall give the label, relative primitives. In so doing, we do not
intend to suggest that the theoretician is utterly in the dark about
the meanings of terms of this kind. He will have some clue to
usage when, for example, a merely necessary condition for a
term's usage is specified. That is, in this case, he will have at
least one criterion for distinguishing objects to which the term
does not apply. Similarly, even when only a correlated condition
is specified, he will have some notion of the probability of a
term's applicability to a given object. Indeed, should neither a
necessary nor an explicitly correlated condition be specified for
a given relative primitive, he would still not be forced to construe
it as a "meaningless' term--for the term may well have some
meaning wholly antecedent to its occurrence in the theory.

However, an important point is that, in a theory which
has not been fully formalized, the status of terms not introduced
by techniques such as those mentioned in (a) and (b) is only tenta-
tively primitive. Such theories are subject to constant modifica-
tion. With the acquisition of new knowledge, parts of such theo-
ries can come to occupy only a minor place in a "corrected"
version of the theory--whereas, at an earlier time, they may
have comprised the bulk of the information about, and occupied a
pivotal place in, the theory's '"subject matter." Accordingly,
terms which function as primitives at one time can, at another
time, be supplanted in this role by different terms. In a refor-
malized version of the theory, they may assume a non-primitive
status. It follows that the "primitives' of a partially formalized
theory must be construed as only relatively or tentatively primi-
tive,
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Formalization and Application

' How Far to Formalize

In the foregoing discussion, I have pointed out that full formaliza-
tion may not always be an accessible method for the formulation
of a theory. In contemporary social science, full formalization is
seldom possible. All of the considerations bearing on full and
partial formalization which have been adduced thus far "lift and
drop a question' on our plates: "Given a theory, the full formali-
zation of which is not to be attempted, to what extent shall we
formalize it?"" There is possible a vast range of partial formali-
zations. A theory may be considered to have been partially for-
malized when even one putatively deductive connection has been
exhibited among its statements, or when the usage of even one of
its concepts has been partially determined in some explicit fash-
ion. Between this extreme of a negligible degree of formalization
and the opposite extreme of an almost complete elaboration of a
theory as a deductive system, the theoretician will have tremen-
dous leeway in the extent to which he may decide to formalize.
What are the rational bases for his decision? Unfortunately,
having "lifted and dropped" this question, I must say at once that
I know of no wholly satisfactory answer. . . .

Simple and straightforward answers like, "The scientist
should formalize as much as he possibly can, " seem to be wrong.
They are misleading. Pat answers like, "The scientist should
formalize to the extent that is fruitful," also seem to be false.
Such answers are trivial. By themselves, they yield no basis
what aver for making decisions.

"Formalize as much as you can' might be sound advice
if, for example, a scientist's only goal were the achievement of
the most precise possible formulation of his theories. However,
he is equally if not rnore concerned with a plurality of other goals.
' Among these goals are prediction, control, and the experimental
testing of his theories. Attempts to achieve great precision in the
formulation >f a theory may conflict with the achievement of some
of these other goals. At any given stage of a theory's develop-
ment, insistence on great precision may be stultifying. Similar-
ly, achievement of great precision may be undesirable, inasmuch
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as premature achievement of precision may tend to constrict in-
quiry. Finally, a disproportionate allocation of the scientific
energies available to this one facet of the scientific enterprise
might result in the neglect of other equally important aspects of
the total enterprise.

In this light, we would not dispute the second dictum,
"Formalize to the extent that is fruitful."” However, to assume
that this dictum answers the question, '"To what extent shall we
formalize?" is obviously to beg the question. Patently, our prob-
lem is to determine just what constitutes a fruitful degree of for-
malization at any stage of a theory's development. Doubtlessly,
there is no further need to labor the point. . . .

It is clear that the non-existence of an adequate criterion
for deciding on the extent of formalization has not heretofore had
the effect of grinding to a halt theoretical activity in the empirical
sciences. In the absence of an expilicit criterion, theorists have
made the requisite decisions willy nilly, consciously or uncon-
sciously, haphazardly or after much reflection. Somehow, of
course, the various disciplines have '"got on." What I wish to
emphasize, nevertheless, is that these decisions are perforce
made in essentially an intuitive mauner. Consequently, we are
confronted with an aspect of the science of not inconsiderable im-
portance which itself is scientifically out of control.

Uses of Theories

Up to this point, we have been concerned with what may be thought
of as the structure of scientific theories. We shall now turn to a
brief consideration of the two most important functions of theo-
ries: (1) explanation, and (2) prediction.

To begin with, let us consider what constitutes a scien-
tific explanation. An explanation is vouchsafed in answer to the
question, "Why?'" However, in ordinary discourse, there are two
distinct senses in which we ask a question, In the first place, we
sometimes ask "Why?" in the sense, "For vhat motive?" Thus,
when we ask a friend "Why?'" he beat his grandmother, we are
usually asking what motivated him to do so. Secondiy, we also
ask "Why?" in a quite different sense, namely, '"How did it come
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about that. . . ?'" In doing so, we do not necessarily make any
imputation of motivation. What we are asking is, "How come?"

in the sense, "In accordance with what natural regularities did
this phenomenon occur?' Thus, in this day and age, when we ask,
"Why do clouds cause rain?' few, if any, of us are asking, "What
motives did the clouds have for causing rain?" No doubt, in the
days when man was more prone to commit the fallacy of anthro-
pomorphosis than he is now, the sense of "Why?'" was more likely
the motivational one. However, with the advent of the Renaissance
and the age of science, we have presumably become more sophis-
ticated. At present, the question "Why?'" is usually construed in
the sense of a demand for a scientific explanation. It is the sec-
ond or the "How come?'" interpretation of "Why?" which is being
made.

When a young child asks, ""Why did that toy balloon burst?"
it may be asking for the balloon's motives. When we seriously
ask the same question, we are asking for a scientific explanation.
Suppose that someone should answer, "It burst because it was held
near a flame, and thus became very hot." If we were reflective,
this answer might not satisfy us. We might go on to ask, "What
does the balloon's getting hot have to do with its bursting?" Our
learned informant might now point out that, when gasses, such as
air, are heated, they expand. In the case of the balloon, the in-
creased pressure of the expanding air against the sides of the bal-
loon caused it to burst. With this additional information, our in-
formant would indeed have given us an answer which, regardless
of its crudeness, neverthcless contains all of the elements of a
full-fledged scientific explanation. His answer now would have
incorporated some lawlike statements.

The structure of a scientific explanation of some phe-
nomenon consists of three parts. There is first, a statement, let
us call it E, which describes the event to be explained. Second,
there is a set of statements, Cq to C,;, which describe specific
relevant circumstances antecedent to E, or correlated wiih it.
Third, there is a let of lawlike statements, L; to L,, whose imp
port is roughly: '"Whenever events of type C; through C,, take
place, an event of type E takes place." In order for these three
sets of statements to actually constitute an explanation of an event,
they must fulfill at least two conditions: (1) the E statement must
be deducible from the C and L statements together, and (2) the C
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and L statements must be true. Thus, a skeleton outline of a
scientific explanation looks like this:

L1 ......... Ln
C1 ......... Cn
E

It is a matter of some importance to notice that the logi-
cal structure of a scientific explanation is identical with the logi-
cal structure of a prediction. The only difference between expla-
nation and prediction is the purely pragmatic one of the temporal
vantage point or the particular interest of the inquirer. Thus, in
the case of an explanation, we have--so to speak--our E, and seek
the C's znd L's under which to subsume it. In the case of a pre-
diction, we have our C's and L's, and seek an E which they imply.
From these considerations it follows that we have an explanation
for an event, if and only if, we could have predicted it,

There are two other comments about explanation or pre-
diction which are germane to our discussion. First, our use of
lawlike statements is an indispensible prerequisite to the accom-
plishment of either explanation or prediction. Second, and asso-
ciated with the first, we can now say with precision what we mean
when we assertthat it is the function of scientific theories to ex-
plain or to predict. In particular, such assertions mean that sci-
entific theories lend the lawlike statements of which they are com-
posed to deductions of the sort outlined above.
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Learning-Behavior Theory and Education
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Theories of Learning and Behavior

Introduction

The scene in experimental psychology of learning has changed
noticeably during the past quarter century. Simple mazes and
stopwatches have been replaced by claborate runways with elec-
tronic equipment to record behavior and to control reward condi-
tions automatically. Earlier mechanical bar-pressing boxes now
have rclay racks of awesome programing equipment. Complex
sequences of events can be controlled by computed programs, and
the data may be submitted to computer analysis and simulation,
Many learning psychologists are looking inside the organism and
observing, producing, or controlling his behavior by direct elec-
trical and chemical interventions. Overall, the layman touring
the contemporary laboratory of learning is clearly impressed by
the tangible trappings of science.

Learning and Behavior Theories

The change in the conceptual domain during this era has been less
perspicuous. The handful of relatively well articulated learning




60

theories, which dominated the field before the Second World War,
have evolved into what are now often called, 'behavior theories."
This term emphasizes that learning is only one of the determinants
of the behavior being studied. The term ''behavior theory, " how-
ever, suffers as much from being too general as does ''learning
theory" from being too specific. There are significant domains

of human behavior about which these theories have little or nothing
to say.

"Theory of learned behavior' is perhaps a more correct
expression. It not only connotes that behavior is the object of
interest. It also indicates that the data primarily considered by
the theorist when building the theory were obtained from relatively
simple learning situations. Personality theories, social theories,
communication theories, and so forth, are also behavior theories.
However, they were inspired by somewhat different areas of data.

The expansion of the scope of these learning and beha™: .
theories has been accompanied by a loss of rigor, and by erosion
of the lines of demarcation between them. They are now best
thought of as theoretical approaches, their major role being to
provide a language system or conceptual frame of reference with-
in which to embed research.

By-and-large, earlier theories of learning or behavior
have gravitaied into one or two contemporary approaches: the
relatively molecular, peripheral, mechanistic, stimulus-response
approach; or the more molar, central, Gestalt, cognitive approach.
My belief is that the differences between ‘hese approaches are
more in the theorists than in the theories, and that they may ulti-
mately be found to be isomorphic or very nearly so. In any event,
this paper has been cast firmly in the stimulus-response mold be-
cause of my personal commitment to it.

Stimulus-Response Theory

Perhaps the best way to describe this conceptual approach is to
quote several paragraphs intended for this purpose elsewhere.
The italics have been inserted in crder to emphasize our present
concern:
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Any learning situation is assumed to have three aspects:
(a) learning the stimuli to respond to; (b) learning the response
to make to those stimuli; and (c) learning the optimal way to
make those responses. That is, the organism simultaneously
acquires stimulus discriminations based on the qualitative
and quantitative variations among the stimuli, and response
differentiations based on the qualitative and quantitative vari-
ations among the responses.

The labels "quantitative' ard "qualitative' are ambigu-
ous. In the first place, it is often difficult to categorize de-
finitively a variable as one or the other since some qualitative
variations may be measurable and some quantitative varia-
tions may include differences in form. Furthermore, other
dimensions, such as volume, tone, and expressions, may also
be identified. The terms are intended to convey the entire
range of possible variations among stimuli and responses,
"quantitative' referring to the intensity dimensions of stimuli
and to the speed and vigor dimensions of responses, and
"qualitative" including all other features of stimuli which can
serve as a basis for discrimination and all other features of
responses which can serve as a basis for diiferentiation.

The subject's problem is to learn the optimal way to
make the right response to the right stimulus. The scien-
tist' s problem is to predict hcw well the subject will do this
on the basis of three scrts of information. The first may be
called the subject conditions since the information concerns
the species of subject, his state of health, drive, wakeiul-
ness, and any cther characteristics that are relevant to his
response potentialities. The second concerns the learniag
conditions, including prior learning history, number and dis-
tribution of trials, and specification of the relevant aspects of
the stimulus situation. Finally, there are the performance
conditions, which identify the reward and punishment contin-
gencies in the situation, i.e., the consequences of making
each possible response in each possible way to each available
stimulus.

A completely empirical approach to these problems would
be to sample every possible combination of subject, learning,
and performance conditions. However, there are an infinite
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number of them A large book could be filled with systema-
tic descriptions of the possible conditions using a single ap-
paratus, a single species, a single drive, and a single reward.
The alternative approach is to theorize, to attempt to formu-
late, on the basis of a few observations, principles which can
be successfully generalized to a wide range of untried condi-
tions. Since we can never hope to have sampled more than a
relatively small number of the possible conditions, the need
for some theoretical statements is taken to be self-evident.
The type of theory favored here is a stimulus-response (S-R)
theory.

The dependent variable in scientific psychology is behav-
jor--the objective "doings" of the organism. Responses must
be the ultimate referent of any behavier theory regardless of
its structure. An S-R thecry makes the most direct assump-
tion in this regard, namely, that responses are part of what
the organism learns.

Typically, responses are not simply emitted; they occur
to some stimulus configuration. If the evoking stimuli are
freely available to the subject, then one can observe the rate
at which the response occurs, but this in no wise alters the
fact that the behavior takes place in some stimulus situations
and not in others. An S-R theory assumes that the other part
of what the subject learns is what stimuli to respond to.

These two parts are inseparably bound together. It is
assumed that the organisin does not learn responses indepen-
dently of the stimuli to which he makes responses, and that
he does not learn stimulus properties independently of the
response he makes to stimuli. Thus, the organism learns to
make particular patterns of vocal responses when stimulated
by specifiable physical objects, utterances by others, and
feedback cues from his own prior responses. Similarly, the
organism learns to discriminate tables from chairs only in
the sense that to one configuration of stimuli he learns re-
sponses (labeling, sitting on) and to another he learns other
responses.

An S-R theory assumes that learning constitutes a bond,
or connection, between a stimulrs and a response. Behavior




63

is predicted on the basis of response tendencies, that is, on
the basis of the strengths of these connections.

It may be useful to discuss briefly the major constructs
of S-R theory. There are five major constructs: habit, in-
centive, drive, effort, and inhikition. To be extremely infor-
mal for the moment, habit refers to how well the organism
"knows' the response; incentive, to the consequences he "ex-
pects'' fc» responding; drive, to how much he "wants'' those
consequences; effort, to how much work he "anticipates'; and
inhibition, to how he '"feels'" at the moment. He will tend to
respond to the extent that he knows how to respond and expects
scmething he wants for responding; he will tend not to respond
to the extent that it will require a lot of work and he feels tired
or bored. The theory is an attempt to anchor these constructs
to objective, empirical referents in the stimulus and anteced-
ent conditions and to provide combination rules so that testable

hypotheses can be deduced.

Learning Theory and the New Media

There are several additional preliminary remarks about the origi-
nally proposed topic of the possible role of learning theory as a
conceptual base for research cn the new educational media. First,
it is believed that the newer and older media do not require dif-
ferent theories. The various media offer different opportunities
to set up optimal conditions for the action of the principles of
learning, but there is no reason to believe that the principles
themselves differ. Hence, this paper hes been addressed to edu-
cation in general, although an attempt has been made occasionally
to draw implications which differentiate among the various educa-
tional media.

Second, it has been taken for granted that the principles
of learning determined in the laboratory are relevant to education.
It could be argued that theoretical ideas based predominantly on
the behavior of nonverbal organisms in simple learning situations
will not apply in the complex educational setting, or at least, that
any attempted application at this time is premature. Such reser-
vations might be justified were one to use learning theory to direct
educational practice, but so long as the focus is on research, the
adequacy of any idea would be determined pragmatically.
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Finally, it would be impractical &.nd misleading to attempe
to state a formal, explicit behavior theory from which one could
derive theorems of interest to educators. In practice, learning
theorists today tend to specialize on some single aspect of the
larger theoretical approach and to do research centered on some
component problem. The answers to all of these problems must
ultimately be integrated into a comprehensive behavior theory.

Probably the best way to describe any particular contem-
porary theory is to give its stand on these and related ma:ters.
Several of these theoretical issues have been sclected to 'llusirate
the relevance of behavior theory to education. Specifically, it is
proposed that ideas that are stimulating laboratory research can
also stimulate research directed toward practical issucs,

Strategy

The strategy of this paper will be: (a) to examine briefly some of
the questions in which learning theorists are actively interested,
and (b) to propose some of the possible implications of these ques-
tions for educational research. This strategy yields something of
a potpourri of sentences collected around a few major theoretical
constructs rather than a closely organized analysis of education in
terms of learning theory. These sentences have not been screened
to eliminate platitudinous and unrealistic ones, nor have they been
polished to reflect all of their implications. Instead, an unabridged
variety of relations between behavior theory and education have
been sought with the hope that a few cf them could be refined by
interested people into concrete proposals for future work.

Reinforcement and Learning

Reinforcement: Positions and Definitions

One issue that has occupied learning theorists for a number of
years is whether reinforcement is necessary for learning, for the
acecretion of habit. Ever since the origina® formulation of the law
of effect, there has been controversy as to whether the associative
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connection between a stimulus and a response could be strengthened
in the absence of reinforcement. As a result of this controversy,
most stimulus-response psychologists now recognize the need for
some form of reinforcement and the issue has become focused on
disagreement as to the essential nature of such reinforcements.

Three of the more influential positions in this controversy
define reinforcement as: (a) any change in the stimulus situation,
(b) only decreases in stimulus intensity, and (c) only reductions in
stimuli. It should be noted that the last one, which is often re-
ferred to as "the' reinforcement theory, is itself contained in the
other formulations, and few psychologists would deny that drive
and its reduction are effective means of producing learning.

There are difficulties with each of the above positions as
well as with the less-well-known alternatives. However, each
can, with ingenuity, be interpreted so as to be reasonably conso-
nant with the facts. Nevertheless, the typical operating procedure
is to define reinforcements functionally as events known to have
the property of increasing the probability of responses which they
follow. That is to say, since no independent characteristic has
been discovered that can unequivocably identify reinforcing events,
researchers concerned with systematic studies of the learning
process are typically content to work with events (such as food to
a hungry organism) known to function as reinforr rs in past re-
search. This procedure is, of course, formally circular in the
defining instance since the occurrence of reinforcement is identi-
fied by the very process it is being invoked to explain. However,
it is argued that the procedure is not circular provided one as-
sumes that events that are identified as reinforcements in one sit-
uation will also have that property in other situations.

Reward as Reinforcement

It is difficult to identify the rewards in the typical educational set-
ting. In practice, information about the correct response is as-
sumed to occasion reinforcement and, in theory, presumably some
form of learned reinforcement based on the reduction in the fear
of social and parental disapproval is operative. A classroom is
also a social interaction situation in which a variety of motives are
operative, and some of these motives may be antithetical to educa-
tional objectives. The behavior theorist can contribute hypotheses
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and possible mechanisms on these matters, but not proven knowl-
edge.

Reward in the New Media

It is probable that the various educational media differ in their
reward potential., A teacher's approval may be more valuable
than automatic correction, particularly insofar as fear of disap-
rroval is involved., Motion pictures apparently have a unique cap-
tivating quality, although it is not always clear what response is
being rewarded. One of the advantages correctly claimed for
teaching machines is that they can give information immediately
in relation to an individual student's performance. However,
there are several reservations that should be appended to this
important feature of automated learning. The fact that a machine
can do something does not insure that it will actually do so. For
example, there are often degrees of incorrectness that an eitiier-
or machine cannot discriminate. Furthermore, there are dimen-
sions of reward other than its delay that are also important in
determining its effectiveness. Furthermore, it simply does not
follow a priori that getting some reward immediately is superior
to getting a delayed, but larger, reward. Apart from theoretical
interest, the compelling practical reason for identifying sources
of reinforcement u: the educational setting is to be able to utilize
them more effectively.

This matter is particularly critical with the newer media
in which the reinforcement must be programmed automatically
without the intuitive skill of a teacher in person-to-person inter-
action with the student. Since a television program is insensitive
to the responses of the viewer, immediate reinforcement as con-
ventionally thought of is impossible. Accordingly, unusual atten-

tion must be paid to the possible distribution of viewers' responses

so as somehow to provide the student with feedback information.

Rewards in Education

A final comment on the issue of the rewards in education may
elicit strong objection from the purists. However, as a practical
matter, quite a bit is known about how to motivate and reward
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people effectively. There is no reason why extrinsic rewards
could not be used more extensively in the educational setting.
Many schools already use some content-irrelevant rewards to
motivate their students--most commonly, the withholding of priv-
ileges from the poor performer. A positive program would make
items of real value available to teachers to produce added incen-
tive for good scholastic performance. A program of this kind,
especially if the standard fare of tools and toys were occasionally
supplemented with items available only through the program,
could--if properly administered--produce dramatic effects. Imag-
ine, if you will, how many hours of study could have been bought if
teachers rather than stores had dispensed hoola-hoops !

The reader may have paused on the phrase, '"if properly
administered, " in the penultimate sentence of the preceding para-
graph. It was included because an extrinsic reward system which
simply amplifies the grading system is much less effective than
one geared to take advantage of advancing knowledge of the effect
of various schedules and conditions of reinforcement. For exam-
ple, we not orly know that organisms will continue to perform if
reward is given irregularly. We also know that one unit of reward
given every time is not always as good as two units of reward given
half the time. The most generally effective conditions provide
correlated reinforcement, that is, increased reward for improved
performance. Such conditions are important because they enable
one to teach quantitative details (such 2s how fast and how vigor-
ously to respond) as well as the qualitative features of what
response to make. With intrinsic rewards, one can do little but
make two plus two equal four every time, but with extrinsic re-
wards, one can reinforce good performance in a variety of more
effective and more efficient ways.

Stimulus: Definition and Issues

Stimulus Defined

It is perhaps surprising that a stimulus-response theorist cannot
provide a fully adequate definition of the term, stimulus. How-
ever, no statement based on changes in physical energy has yet
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been formulated which can specify the events which are stimuli
independently of behavior. This is primarily because any orga-
nism is receptive to only a small portion of the possible energies,
and there is no physical discontinuity separating the effective from
the ineffective ones. Furthermore, there are some properties,
such as the relationship "prettier,' which are difficult to identify
in physical terms but to which responses can be learned. Accord-
ingly, stimuli are defined functionally as pronerties or events
which can serve as stimuli in S-R laws--following a procedure
similar to that described in relation to defining reinforcements

functionally.

The familiar perceptual phenomena such as contrast (for
example, the apparent brightness of an object) varies with the
brightness of the surrounding field, constancy (for example, the
apparent size of an object tends to be the same at different dis-
tances from the observer), and so forth, make it clear that an
environmental stimulus and its internal representaiion are not
identical. The problem is how to reflect this fact theoretically.
One solution is to assume a stable transformation equation that
specifies the event-as-perceived in invariant relation to the event-
as-it-occurred. That is to say, there may be determinate prin-
ciples of perception which would enable one to infer the perceived
event from knowledge of the observed event. An alternative solu-
tion is to posit a perceptual response which mediates the trans-
formation and which is itself modifiable according to the laws of
learning. If this approach is correct, the same objective event
could be perceived in quite different ways by different people with
different past experiences or current motivations. The hypothet-
ical perceptual response is to be distinguished from receptor-
orienting acts, the latter being overt peripheral responses which
are certainly part of the stimulus-reception picture regardless of
the approach taken toward perception as a covert, central process.

Areas of Research

There are several areas of research bearing on this controversy.
Two of them will be mentioned here. First, it is a fact that a
difficult discrimination may be lcarned in fewer total trials if the
subject is first trained on an easier discrimination along the same
dimension and then transferred to the more difficult one, than if
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all the training is given on the difficult one. This observation and
several related ones are at lcast consistent with the notion that
the distinctiveness among a group of stimuli can be enhanced by
appropriate training procedures and hence that the stimulus side
of an S-R event itself includes a modifiable process.

The general idea of graded difficulty is already an inte-
gral part of our educational system. However, there is a big dif-
ference between awareness of the values of graded difficulty and
knowledge of the principles governing the optimal distribution of
practice at different levels of difficulty. It is only probably true
that a student should not be restrained on a simple problem after
he has mastered it. It is possibly true that the difficulty level
should be stepped up even before mastery of an earlier stage is
complete. To pose this problem in the context of a medium such
as a teaching machine, the programmer simply must make deci-
sions as to the amount of time to spend on each phase of the task
and the size of the increment to add at the end of each phase.
Hopefully, there are determinate rules, rather than nuinches,
which could guide the scheduling of the various phases of each
learning task as well as the order of the tasks themselves.

A second area of research concerned with the nature of
the stimulus refers to the role of contextual stimuli in learning.
Although it is conventional to refer to a specific event, or to a
combination of events, as being the stimulus to which a response
is learned: a stimulus, as so conceived, is embedded in a con-
text which can be shown to have a bearing on performance. Not
only can a subject learn one response to a specific stimulus in one
context and a quite different response to that same specific stimu-
lus in another context, but there is a demonstrable decrement in
performance if the contextual environment is changed after train-
ing. This observation suggests that the stimulus complex must
be thought of either as a "whole," or that each element in the
stimulus complex must be somewhat modified by the coexistent
elements.

Practical Implications

The foregoing findings have an important practical implication:
Other thingi equal, performance will be better the closer the
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training conditions approximate the ultimate testing conditions.

In this respect, teaching machines are probably the poorest edu-
cational medium since few of the practical problems which a per-
son will encounter will arise in the context of a similar machine.
In contrast, motion pictures can be used to create virtually any
visual and auditory environment as a context for the learning task.

Since the stimulus is inseparable from the response, the
problem of similarity of training and testing conditions will recur
in the latter context. As a note of caution, however, the optimal
arrangement of the contextual environment cannot always be de-
duced frem available knowledge. For exampie, if a stenographer
will ultimately have to take dictation in an environment including
the noise of nearby office machines, then the shorthand teacher
would be well advised, somewhere along the way, to include re-
corded sounds of this nature during the learning of shorthand.

But since these sounds will also provide distraction that may in-
terfere with learning, it may actually be best to introduce them
gradually at some advanced stage of training. In this connection,
it may come as something of a surprise to find that a student who
learns somewhat lees because he studies in his room with a radio
playing actually performs somewhat better than the student who
studies in a quiet library simply because what learning he has ac-
quired is less susceptible to interference from distraction. The
material for any educational medium should be designed with ex-
plicit attention to the nature of the situation toward which the
training is being directed.

Response: Definition and Issues

Quantitative Variations

There are several issues in the general area of response defini-
tion which have potential significance for educational research.
One such issue concerns the way in which quantitative variations
in behavior should be treated. The classical view in this regard
defines the response by its qualitative, topographical features,
by a characterization of what the organism does. This viewpoint
considers quantitative variations in speed or amplitude as
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measures, indices, or reflections of the strength of that response.
For example, according to this position, one would say that a stu-
dent learns the response of adding numbers, and that the better

he hzs learned this response, the faster he can perform it.

The alternative view is that the quantitative dimensions
of a response are themselvas part of the defining characteristics
of that response. For example, a fast response is not simply a
stronger response than a slow one, it is a different response.
According to this micromolar approach, as it has been called, all
aspects of the response, qualitative and quantitative, are learned
on the basis of the prevailing conditions of reinforcement. For
example, speed increases with training only if faster speeds pro-
duce larger or more immediate rewards. Hence, one would say
that the student learns not just the response of adding nurnbers,
but the response of doing so at a particular speed. If this view is
correct, then there would be a decrement in performance if the
individual attempted to perform at a speed different from that to
which he was accustomed.

The evidence on this issue is still not conclusive. It is
clear that, if the reward is correlated with performance in such
a way that the organism gets a bigger or more immediate reward
when he performs at a particular speed or araplitude, then his
performance will tend to converge to an optimal level. Abundant
testimony supporting this position is available in familiar behav-
jior ranging from the skilled speed of a golfer's swing to the
widely-graded loudness with which we speak in various situations.
However, the micromolar assertion that the organism always
learns all properties of the reinforced response is not unequivo-
cably demanded by the available data.

Notwithstanding the inconclusive state of knowledge on
this issue, the likelihood that some kind of micromolar approach
will be found to be necessary suggests the value of entertaining
this possibility in educational research. Indeed, the fact that so
many college freshmen, to say nothing of their parents and teach-
ers, read appreciably slower than they are capable of doing, de-
spite an enormous amount of practice, is at least consistent with
the belief that they inadvertently learned to read slowly as a part
of the common methods of teaching reading. If the micromolar
view is correct, then attention should be given to all of the impor-
tant properties of the response.
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Even if the micromolar approach is not correct theoreti-
cally, the empirical fact that the quantitative dimensions of a re-
sponse tend to become adjusted appropriately when the reward is
correlated with the response suggests that these conditions can be
used effectively to increase the level of parformance. Specifical-
ly, for example, even if students can add faster the more they
practice adding, regardless of practice speed, they can be trained
to add still faster by effective correlated reinforcement. To be
effective, the reward must be correlated with the individual's
performance. Giving special rewards to the winners of occasional
speed tests will probably affect only a few members of the typical
heterogenous class. Most members of the class never win, hence
they do not receive differential reinforcement for their better re-
sponses. Individual performance must be monitored and reward
must be given in relation to individual past performance.

A correlated reinforcement procedure raises a by-now-
familiar methodological probiem: What is the optimal way to ad-
just the reinforcement criteria in relation to behavior? Certainly
one should not start with very high standards which are out of
reach of the student, nor with very low standards which permit
success on every trial. Between these extremes, there is some
optimal program that maintains an effective correlation between
response and reward. Devising such a program, and the tech-
niques to implement it, is a challenging task for research.

Identification of Behavior

Another problem within the context of the definition of the term
response concerns the identification of behaviors which properly
fall within this concept. Some psychologists, particularly those
opposed to S-R interpretations, believe that the response concept
must be restricted to peripheral, overt, muscular contractions
and glandular secretions. It is possible that a comprehensiv. be-
havior theory can someday be constructed at this molecular level,
and it is often useful to refer to this level to reduce ambiguities
in the meanings of response terms. However, most learning the-
orists use more molar, generic response classes which are de-
fined functionally. That is to say, behavioral events which obey
S-R laws are treated as responses whether or not a unique physi-
cal referent can be identified.
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Consider, for example, "paying attention.'" This concept
may certainly include overt, peripheral aspects, such as orient-
ing toward the source of stimulation. However, it also commonly
implies covert aspects., ''Paying attention' is usually treated as
something which people either do or don't do. Research in this
area has been concerned mainly with determining the variables
which affect whether an individual will pay attention to a particu-
lar stimulus. But, if attending is a learned response, the hap-
hazard conditions of its acquisition may not always adequately
prepare an individual to attend to educational material. Can the
ability to attend to a message be improved by appropriate rein-
forcement conditions? Can attending itself be conditicned to novel
stimuli? Is attending to auditory and visual input incompatible or
complimentary? Can the ability to shift attention between two
sources of input be improved? These are some of the questions
raised if paying attention is correctly identified as a learnable
response. These questions may be particularly important for
those media which do not require a teacher's presence, and hence
do not have this social pressure to attend to the message.

There are other possible responses which merit compar-
able treatment,

Thinking, for example, is something that parents and
teachers constantly admonish children to stop to do, but little ef-
fort is directed at formally teaching people how to think. Insofar
as thinking is an oral-verbal affair, recorded material would be
ideally suited to giving directed practice in thinking. Listening to
a message, as distinct from simply hearing sounds, may also be
a learnable response. Unless the ear is an inherently poorer in-
formation input charnel than the eye, the rate at which students
can listen can be increased by training. If so, a two-hour lecture
could be recorded, and then delivered in one hour as a way of
coping with the ever-increasirg wealth of information to be trans-
mitted. In general, some of the fundamental activities in educa-
tion might be as profitable objects of study by the newer media as
the content of education itself.

Definition of Response

The content of education returns us to the problem of response
definition, particularly as that issue concerns the identification
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of the learned response. Any specific behavior can be viewed as
a member of a number of progressively more molar response
classes, for example, a rat running a T-maze makes a specific
molecular motor response sequence which can be described at a
more molar level as turning left, or, at a still more molar level,
as approaching the goal. These phrases are all legitiinate de-
scriptions of the behavior. But it makes a difference at which of
these levels one assumes that learuing occurs, because this as-
sumption affects one's prediction of what the rat will do if the
conditions are changed. The evidence on this issue suggests that
learning is somewhat restricted to, and perhaps principally fo-
cused on, the molecular details of the reinforced performance and
also that there are more widespread effects. The key to this
problem probably lies in feedback: Learning tends to be general
to behaviors producing similar interaal and external feedback.
However, explicating this solution has not yet been satisfactorily
¢ achieved.

This issue is perhaps the most fundamental one confront-
ing educators. Just what has a student learned after repeating
six times five equal thirty over and over to himself? Will he re-
spond correctly when asked by his teacher for the produce of six
and five? Will he write down ''thirty, " when he confronts that
problem as a part of another problem? Will he correctly con-
clude that it will cost thirty cents to buy a half-dozen nickel candy
¢ bars? Will he incorrectly conclude that, if he and five of his
‘ friends each invite five people to a party, there will be thirty

guests at the party? It is not a single question to ask whether a
person knows the six-times table.

Corresponding to the theoretical question, '""What is
learned ?" is the practical question, "What should be learned ?"
The relationship between these questions can be described this
way: When an organism, be it a rat in the laboratory or a student
in the classroom, is rewarded, there is an increased likelihood
that he will make that specific response the next time that specific
stimulus occurs. There is also a smaller increase in the likeli-
hood that he will respond to similar stimuli and that he will make
similar responses if the original one is blocked. The problem,
"What is learned ?" is the problem of anchoring ''similarity" to
objective referents so that the range of this generalization can be
predicted. The problem, "What should be learned?' is the
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problem of specifying the range over which a generalization is
appropriate--in the sense that the resulting behavior is correct.
The practical problem, then, isto promote generalization where
learning tends to be too narrow and to promote discrimination
where learning tends to be too broad. But it is difficult to use
behavior theory to help to design and to evaluate alternative con-
ditions when the objectives are unclearly stated in a different lan-
guage system. Accordingly, the major need is for an explicit
theory of learning stated in objective, stimulus-response terms.

Conclusion

Research and Theory

Research is always guided to some extent by theory. The ques-

tion is the extent to which that theory is relatively explicit and ob-
jective rather than informal and intuitive. Learning theory offers
an active frame of reference which has proven effective in stimu-

lating laboratory research.

There are so many possible critical reactions to the pre-
ceding comments that it would be virtually impossible to make
anticipatory defenses against them all. The attempt has been to
identify some possible relations between behavior theory and edu-

cation and not to elaborate or to evaluate them. The writer shares

any disappowntment the reader may have that this endeavor did not
produce a simple, comprehensive analysis of education in terms
of learning theory, but in fact, the extent of potential relevance
actually exceeded original expectations. Educational research
workers can indeed profit from contemporary behavior theory.

However, for this integration to be achieved with maxi-
mal effectiveness, it is necessary that the major constructs in
learning theory be anchored to observable, manipulable events in
the educational setting. The principles of behavior employ terms
such as stimulus, response, motivation, and reinforcement, and
these terms must be identified and controlled if the principles
themselves are to be of great practical value. Furthermore, the
application of these principles must be directed by a reasonably
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explicit formulation of the goals of education in concrete terms.
There is at least as great a need for concerted analytic activity
as for research activity. Learning theory can provide useful
guides for both activities.

Teacher Behavior

This final comment is not intended to invade the proper province
of sociology. However, it should be recognized that a teacher is
also a behaving (and learning) organism, subject to the same
principles of behavior that apply to students. Many of the theo-
retical issues discussed in this paper could as well have been ap-
plied to the teacher as to the learner. For example, just as the
most effective conditions of reinfurcement for a student are ones
in which greater reward is given the better his performance, so
the most effective conditions for a teacher are ones in which dif-
ferential success is differentially rewarded. Teachers must adopt
and adapt to the new media. Their tendency to do so could be
greatly increased, for example, if their income depended at least
in part upon their skill i utilizing the various media at their com-
mand. At a more general level, it follows that across-the-board
salary increases should be abandoned in favor of bonuses paid in
proportion to a teacher's proven talent.

There is a seldom-recognized implication of Edison's
famous statement, '"There's a way to do it better,' namely,
"There's an even better way than that. . . .'" The problem is
not only to guide the research of the few individuals already en-
gaged in this task, but to stimulate continuing research by the
large number of teachers who collectively represent an enormous
creative resource. In this way, the development and use of all
educationa media will proceed most effectively.
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APPENDIX A

Additional Variables

The body of this paper dealt briefly with issues surrounding the
major constructs: stimulus, response, and reinforcement. This
appendix will deal even more briefly with other variables: habit,
motivation, inhibition, nonreinforcement, and punishment. Even
so, there are many topics in psychoicgy of learning which will not
be touched upon.

For example, there are problems concerned with the
optimal amount of guidance, and with active participation. There
are little-understood effects of "set' on learning and on problem
solving. There is disagreement as to the implications of the fact
that organisms can learn how to learn. There are many more
provocative propositions--such as the possibility that there is a
practical limit on how much an individual can learn and keep
clearly discriminated. It would be unreasonable to try to service
all of these areas. The remarks following are intended merely to
suggest the flavor of the range of ideas which might be amplified
into interesting educational research.

Habit

The issue of the rule of reinforcement in learning which was dis-
cussed previously is relevant to a1l three of the positive determi-
nants of response tendency--habit, drive, and incentive. Apart
from the questions of whether reinforcement is necessary for the
acquisition of habit, and whether drive reduction is the only form
of reinforcement, motivation and reward are both essential for
performance through their energizing roles as drive and incentive.
Furthermore, they may have indirect effects on learning. For
example, a motivated individual is more likely to expose himself
to opportunities for learning. An excellent adult educational tele-
vision program is of no value unless the response of tuning in the
appropriate channel is stronger than that of competing activities.
The motivated person is more likely to be in the learning situa-
tion and to profit from his experiences there.
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A more specific issue about habit concerns the manner
of its growth. The most familiar view of learning is reflected in
the saying, "Practice makes perfect." That is to say, it is gen-
erally believed that learning is a gradual, cumulative process in
which a response gets progressively stronger with repetition.
The alternative position that learning is all-or-none in character
has received renewed impetus during the past few years. Of
course, the performance of complex response chains improves
gradually, but it is possible that elemental components are ac-
quired in one trial. At least, some forms of human verbal learn-
ing can be adequately described on the assumption that an item is
either learned or not learned on a particular trial and that there
are no intermediate stages in the process.

There may be other sorts of value in repetition. The
generality of a learned response may be increased and its sus-
ceptibility to forgetting may be decreased. These considerations
jointly suggest a training procedure in which early trials are spe-
cifically designed to get the association formed as quickly as pos-
sible. Later trials are somewhat differently designed to promote
generalization and retention. Experimental data suggest that,
toward the former goal, trials probably should be widely distrib-
uted with rigidly controlled conditions. Toward the latter goal,
trials probably should be given under irregular conditions. In any
event, it may be inefficient to concentrate upon drill-like rehears-
al. It may be incorrect to leave material before learning is mani-
fest on the assumption that some learning will have occurred dur-
ing the practice given.

There are other issues concerning habit which can only
be mentioned here. Does habit reach an asymptote or does learn-
ing continue even after performance has reached a stable level?
Is habit permanent or can it be lost through disuse? Do some
habits, particularly those based on positive reward, generalize
more widely than others, particularly those based on punishment ?
Can habit be formed even if the overt response involved does not
occur during original training? There are data in the psychologi-
cal literature bearing on these and on other such questions and
each has implications which could be drawn for educational re-
search.
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Motivation

|

The major issue concerning the other positive components of re-
sponse tendency, drive and incentive, is the extent to which the
energizing property of these variables is restricted to habits ac-
quired in their presence. But before discussing this issue, let

us consider the more fundamental problem of separating these
components in complex human behavior. The distinction can be
drawn most easily in the laboratory setting: An animal's drive
may be hunger produced by deprivation of food, and his incentive
may result from past experiences with food at the end of a run-
way. These components or factors can be manipu'ated indepen-
dently with comparable effects on behavior. One can make the
rat run faster by depriving him of food for a longer period of time
and hence increase his drive; or by training him with a larger
amount of food at the goal and hence increase his incentive. Fur-
thermore, if these variables interact multiplicatively, as some
learning theorists believe, the effect of increasing incentive will
be greater the higher the prevailing level of drive. Or converse-
ly, increasing incentive may have little effect on an organism op-
erating under low drive.

Coneider now a human example, say attempting to in-
crease a child's motivation to learn by offering him money for
good grades. "Drive" is the desire for money. It may be brought
to bear by the offer, but its intensity is independent of the offer
and dependent upon the child's past experiences with (and without)
money and his present state of solvency. ''Incentive," in popular
parlance, refers to the preferred money itself, but incentive as a
theoretical construct in behavior theory refers to an internaliza-
tion of the reward--including probability of occurrence. That is
to say, an offer of money produces incentive in proportion to the
size of the offer and the likelihood that it can be attained. An of-
fer of ten dollars for a B-average may produce more incentive
than an offer of one hundred dollars for an A-average. If a child's
wants are otherwise satisfied so that he has no need for money,
even an optimally adjusted offer will not induce him to study. If
the offer is out of proportion to his past experience of success (as
distinct from an adult's perception of the child's potential), it
will not be effective even if the child is sorely deprived.
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The further application of these ideas to education re-
quires some assumption about the motive-reward condition in-
volved. Suppose, for example, that knowledge is intrinsically
reinforcing in relation to some underlying curiosity drive. Among
the questions then raised are: Cana person's curiosity be in-
creased in a manner analogous to the way hunger can be increased,
i.e., by depriving him of knowledge? Can special programs be
prepared to increase incentive above the level induced by typical
programs, i.e., to provide experience of success for the typically
poor performer? In general, what variables affect the intensity of
this drive and the amount of this reinforcement so that they can be
manipulated ?

Insofar as their energizing properties are concerned,
drive and incentive could be specific to those habits acquired in
their presence, or they could be general and able to motivate any
behavior. This issue is clearly relevant to any practical learning
gituation. If the former alternative is true, training must be con-
ducted under the same motivating conditions which will prevail
during subsequent performance. Fortunately from this point of
view, the evidence suggests that drive, at least, is general and
that training conducted under one drive can be utilized under an-
other drive. However, there is also reason to believe that this
generality is not completely unlimited, and hence that ideal train-
ing conditions should take into consideration the ultimate condi-
tions of motivation.

Temporary Inhibition

The negative factors in response tendency that oppose habit, drive,
and incentive and lead to a lower level of performance have re-
ceived relatively little attention. Of course, education is con-
cerned more with the acquisition of knowledge than with its re-
moval, but there are occasions when a student has wrong habits
based on prior experiences which must be eliminated if the cor-
rect habits are to be learned. Furthermore, insofar as education
is directed at producing stable and persistent behavior, the forces
acting to eradicate learning should be considered when devising a
training program.
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The flavor of the difficulties in this area can perhaps be
conveyed by simply reciting some of the questions involved. Is
forgetting a fundamentally different process from experimental
extinction, the former pertaining to loss in performance over time
while the latter pertains to the loss in performance resulting from
nonreinforced occurrences of the response? Is the frustration
produced by nonreinforcement motivating and, if so, can this
drive be used to facilitate performance? Does punishment elimi-
nate responses permanently, or does it only suppress overt be-
havior temporarily? Is the law of least effort valid, or can dif-
ferential effects of work be accounted for in terms of differences
in the nature of the response? Is learning to inhibit a response
similar in kind to learning to make a response? Is the alternation
tendency based on response factors or on stimulus factors? Can
the effects of nonreinforcement and punishment be accounted for
entirely on the basis of counter-conditioning, or do they directly
reduce response tendency? Let us elaborate briefly on the last
two of these questions.

All educators are familiar with the temporary inhibition,
resulting from fatigue or boredom, which opposes continued per-
formance. The theoretical issue is whether this alternation ten-
dency is centered on the response, so that the organism tires of
doing the same thing repeatedly; or on the stimulus, so that he
satiates on being in the same situation repeatedly. Actually, the
latter implies the former, provided that one recognizes that feed-
back cues from the response are also the ones on which the orga-
nism can become satiated. However, probably the best descrip-
tion of the available data is that there are alternation tendencies
on both bases. Accordingly, any educational program should be
designed to include enough variety to minimize inhibition from
these sources, but it will require a substantial amount of research
to determine the ideal design in this respect. '

Nonreinforcement and Punishment

Nonreinforcement and punishment lead to more lasting decrements
in performance than fatigue and boredom, but it is possible that
these factors--rather than reducing response tendency--affect
behavior through the competing responses they produce. To illus-
trate with punishment, the response elicited by a noxious stimulus
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will tend to occur in anticipation of the punishment and to super-
sede the punished response. According to this position, it is
essential that the punishment suit the crime--in the sense that it
elicit incompatible behavior. Trying to teach a dog not to chase
cars by shooting him from behind with a BB gun is doomed to
failure because the pain elicits more running, whereas shooting
him from in front with a water pistol will work because it stops
the ongoing running response.

The alternative position is that punishment can act di-
rectly to inhibit a response. It should be noted that this alterna-
tive does not completely discount the importanc= of countercon-
ditioning. Indeed, it implies that a punishment that evokes a
competing response will be more effective than one which evokes
behavior compatible with the punished response--although the lat-
ter may also be successful in eliminating undesirable behavior.

Again, let me simply recite some sentences suggested by
these considerations. Grades, as typically given, may be reason-
ably effective reinforcers for the good performer, but they are
relatively ineffective for the poor performer because they punish
his responses without necessarily eliciting the correct responses.
Part of the advantage of teaching machines over other media is
the requirement that any errors which happen to occur be cor-
rected immediately. Possibly, special remedial programs should
be devised for all media, since the problem of teaching a student
who has learned some incorrect responses is different from that
of teaching a student with no prior learning in the area. The lat-
ter can be shaped into the correct responses substantially without
errors, whereas the former may benefit from making errors and
correcting them. It is probably unnecessary to point cut that
many teachers spend as much time dealing with behavior problems
as they do teaching. The application of some of the new, powerful
media to corrective education would make a truly important con-
tribution.
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APPENDIX B

Theory-Based Research

Research is a multi-stage process. The foregoing remarks have
been aimed at the early stage of identifying potentially important
problem areas for research. The purpose of this appendix is to
illustrate how learning theory can also be useful at the subsequent
stage of planning detailed, systematic research studies.

The type of problem most frequently encountered in a
practical situation is the determination of the optimal schedule or
arrangement of conditions. For example, the fact that a difficult
discrimination may be learned in fewer total trials if some train-
ing is first given on an easier discrimination along the same con-
tinuum poses the methodological problem of determining the best
sequence. One approach to this problem is to undertake exten-
gsive, methodical research. The alternative is to devise a learn-
ing model from which the effects of various sequences can be de-
duced and to concerirate research on testing the model.

To illustrate the latter approach, I have taken the funda-
mental assumptions of the theory of discrimination learning for-
mulated by Spence in 1936, and calculated the course of learning
under several different trial sequences. Doing so requires set-
ting up a number of hypothetical conditions and illustrative equa-
tions and hence this proof is not proposed as being general. It is
interesting to note, however, that the finding which so directly
seems to imply that a cue dimension somehow acquires perceptual
distinctiveness as a result of discrimination training, can be de-
duced from a model which does not make such an assumption.

Testing a Model

Let us assume a continuum with 100 equally-spaced stimuli. Each
stimulus can be identified by a number corresponding to its posi-
tion on this continuum. We shall assume that the ultimate dis-
crimination of interest is between S45 (negative) and S55 (positive).
For simplicity of comparative computation, every odd -numbered
trial is reinforced to a positive stimulus (being S55 or higher) and
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every even-numbered trial is nonreinforced to a negative stimu-
lus (being S45 or lower).

The four schedules examined are: (a) all positive trials
to S55 and all negative trials to S45, i.e., training exclusively on
the ultimate discrimination; (b) positive trials starting at S78 and
decreasing by one step on each trial; and negative trials starting
on S23 and increasing by one step on each such tiial, i.e., start-
ing on an easy discrimination and moving progressively toward
the ultimate discrimination; (c) positive trials and all negative
trials to S45, i.e., starting on an easy discrimination at the same
rate as in ""b" but only involves changes in the positive stimulus;
and (d) all positive trials on S55 and negatire trials starting on S1
and increasing by two steps on each such trial, i.e., the same as
"c" except keeping the positive stimulus unchanged.

The postulates of the model follow: (a) a reinforced trial
produces an increment in habit (H) between that stimulus and the
response according to the equation, delta H = .1 (1-H); (b) a non-
reinforced trial produces an increment in inhibition (I) between
that stimulus and the response according to the equation, delta I =
.1 (H-I); (c) any increment to H at one stimulus (Sx) generalizes
to similar stimuli (Sy) according to the function,

e [60 - |sx - syl
delta Hy = deitz Hx l_ 80

generalizes according to the same function as given in "c"; (e) the
excitation potential (E) for a stimulus to evoke the response is
defined as, E = H - I; and, (f) discrimination is measured in terms
of the difference between the E of the positive and negative stimu-
li.

1
2
] ; (d) any increment in I

The implications of this model over the fiist 24 trials for
the four schedules are displayed in Table 1, below. It can be seen
that the model correctly implies an advantage of starting with an
easy discrimination that is symmetrical around the ultimate dis-
crimination, i.e., b > a. Furthermore, a still better procedure
is to start with an easy discrimination such that the ultimate nega-
tive stimulus is used throughout, i.e., ¢>b. The converse pro-
cedure of starting with an easy discrimination such that the ulti-
mate positive stimulus is used throughout yields a result virtually
identical to "a." Hence, if this model is correct, the rate of
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learning a discrimination depends importantly upon the sequence
of stimuli used.

TABLE 1

Differences between the Excitation Potential of the
Fifty-Fifth and the Forty-Fifth Stimuli over the
Four Sequences of Trials
Described in the Text

After Trial| Sequence Sequence Sequence Sequence
Number a b c d

4 .019 .022 .038 .019

8 . 037 . 042 .066 .037
12 . 054 . 059 .088 . 053
16 . 069 .076 . 105 . 068
20 .084 .092 .121 . 082
24 . 056 .103 .134 .095
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APPENDIX C

I.aboratory and Classroom

Although education was affected by psychologists of an earlier
era--notably by Dewey, McDougal, Thorndike, and Watson--there
has been relatively little effort devoted to keeping a bridge between
the learning laboratory and the classroom. May (e.g., 1946) has
probably been most consistent in attempting to maintain this con-

tact.

Recently, Miller (1957) has made a fairly detailed analy-
sis of graphic communication from the point of view of the princi-
ples of learning. Melton, Spence, and Underwood (1959) collabo-
rated in a provocative symposium addressed to the general rela-
tionship between the psychology of learning and education. Most
recently, Meierhenry (1961) has edited a collection of interesting
papers by Deese, Glaser, Kendler, Luchins, McDonald, and Post-
man, all dealing with audio-visual aids in relation to learning the-

ory.

The greatest impact to date has come from Skinner (e.g.,
1958) with the development of techniques of automated learning.
This field has already amassed an impressive bibliography of its
own. '

A1l of the articles mentioned are of high caliber. Col-
lectively, they represent a comprehensive overview of contempo-
rary learning theory and its possible significance for education.
To them, the present paper adds a somewhat greater emphasis on
the fundamental problem within learning theory: the problem of
adequately defining basic terms such as ''response. "' In general,
there is a comfortable amount of agreement and overlap in the
various approaches. Anyone seriously interested in this area
should certainly study them all.

These citations from the literature are given in full in
the bibliography (pp. 76-77).
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Communication Theory

and the Use of the New Media

Erwin P. Bettinghaus

Department of General Communication Arts
College of Communication Arts

Michigan State University

Nature and Origﬂl of the Problem

Introduction

A clear impression of any theory requires some consideration of
the discipline fostering and nurturing it. To learn some of the
reasons for the present state of learning theory, we can consult
psychology; for social theory, we go to sociology; and for episte-
mological theory we turn to philosophy. To look at communica-
tion theory today, we must look in areas seemingly unrelated to
communication. The communication theorist can point to psychol-
ogy, sociology, philosophy, physics, mathematics, rhetoric, and
to linguistics as only a few of the places in which the antecedents
of his theory are found.

Concern with the nature, quality, and function of human
communication is probably as old as man. For centuries, the
study of communication was to be found in rhetoric, literature, or
drama. The study of certain aspects of human communication is
still to be found in these disciplines. In addition, scholars from
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departments of psvcholugy, . ~~iology, linguist:zs, p 11 ca. s -
ence, and anthropology also admit to being very mue - = ‘e nalod
in certain aspects of human communication. And it {ali s 3y
little pushing to obtain an admission of interest in communication
from the physicist, the philosopher, the biologist, and the engi-
neer.

In spite of this widespread interest in phenomena of hu-
man communication, the study of communication as a scientific
and professional field administratively located within separate
academic departments so labeled is new. It arrived on the aca-
demic scene within the past two decades. Argument is still heard
over the question of what communication is, and relatively little
has yet been accomplished toward answering theoretical questions
concerning the nature of the process. Almost everyone agrees
that the new media are closely linked to the communication pro-
cess, however it may function. Our only problem is finding
theory to explain this linkage.

In this paper, I would like to expand several propositions
concerning the relationship of communication to the new media and
to education. The first proposition suggests that a concern with
the new media arises out of roots common to both communication
and education. Second, although much concern has been exercised
over the production of visual or verbal descriptions of the com-
munication process, little concern has been devoted to the place of
the new media in these descriptions of the communication process.
Third, I suggest that at least one fruitful approach to certain edu-
cational problems derives from a consideration of balance theory
and communication.

Origins of the Problem

We can exemplify our first proposition by taking a short historical
tour. In rhetoric, in literature, and in drama, major emphasis
has always been placed on the source of communication. The
speaker, the writer, and the actor are studied in great detail.
Some concern has always existed for the listener, the reader, and
‘we audience, but such concern was usually secondary and periph-
erz1. Frequently, the research methodology in these areas has
been historiography. From this tradition have come many fine
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studies of great speakers, great writers, great newspapers, and
great actors. Many departments and individual scholars carry
on this tradition today.

An emphasis on the total process of communication, with
particular attention to the receciver of communication, is relatively
new. The increased interest in communication behavior has its
roots in the nineteenth ccntury. On the philosophical side, all of
the behavioral sciences show the effects of a revolt against scho-
lasticism and monasticism in science and in mechanics. New
phenomena, new theory, and new methodology have come onto the
scene. Thke experimental method has taken over in psychology and
other social disciplines. Communication reseacch and theory to-
day inherit the fruits of this revolution.

A second set of roots stems from the industrial revolution.
The ability of man to mass-produce newspapers, books, and maga-
zines heralded the dawn of an Age of Communication. The rise in
population together with the invention of radio and television meant
the development of advertising, of merchandising, of transporta-
tion, and indeed of many facets of our daily lives. It is impossible
to separate these factors in terms of impcrtance, but their influ-
ence on communication is undenied. We have seen new audiences,
new sources, new sets of messages, and new academic depart-
ments arise as a result of these discoveries.

The communication researcher may be interested in the
nature of the source as the source relates to the subject or con-
tent of a particular message. He may study the characteristics
of receivers of particular kinds of messages. He may look at the
kinds of receivers electing to read a particular newspaper. He
may be interested in the effect of a particular psychological vari-
able on communication reception. Any of these concerns, and
many others, are legitimate areas of research on communication.

It is a truism to suggest that communication and educa-
tion must go hand in hand. It is difficult to conceive of being able
to educate without being able to communicate. Many of the con-
cerns that have faced the communication researcher have also
faced the educational researcher. The educational theorist has
benefited from the revolution in the behavioral sciences in the
same ways as his counterpart in communication.
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One of the most flourishing areas of study for both com-
munication and education has been the 'new media.'" Many of the
media are not new, but recognition of their usefulness in educa-
tion is relatively new. Research on the differential effects of
these media is even newer.

An exhaustive list of the new media is impossible, but
certainly we would include radio, television, movies, books, film
strips, slides, models, and drawings. And, most recently, I
suspect that most of us would like to add the "teaching machine"
to this list.

Research on the media of communication has been con-
ducted at several levels. The physiology of vision, of hearing, of
touch, of taste, and of smell have been rather extensively investi-
gated. Psychologists have studied the perceptual processes of the
organism under various learning conditions, various anxiety states,
different attitudinal conditions, and differing drive states. The
sociologist has looked at perception as it is influenced by culture.
The sociologist also has been inter=sted in the development of
taste and culture as influenced by the media. The economist has
been interested in the distribution patterns of messages created
by the use of different media. Other disciplines could add their
interests to this list. The point is, of course, that an interest in
the new media is not confined to either communication or to edu-
cation. Useful material and fruitful approaches to the study of the
new media are to be found in many areas. The roots of our varied
interests are to be found in the same series of prior events.

Communication Theory and the New Media

Despite the existence of flourishing schools of communication, of
large numbers of graduate students, and of large research bud-
gets, we do not today have a distinctive communication theory.
Neither do we have a distinctive theory in which communication
and the new media are brought together. Whether or not this state
of affairs is a desirable one remains to be seen.
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Theories and Models in Communication

I do not use the term theory to refer to statements purporting to
explain some small fact examined in isolation. By a theory, I
mean a set of propositions or statements intended to cover many
aspects of behavior. A theory is a well-coordinated conceptual
system. Typically, the existence of a theory allows the generation
of theorems whose testing tends to confirm the theory itself.

There are at least two reasons for the lack of a distinc-
tive communication theory today. One reason is that individuals
interested in human communication have tended to come to a study
of the communication process from disciplines where some theory
is already present. Thus, we have many studies in which learning
theory, social theory, group theory, or balance theory have been
applied to communication problems. A second reason lies in the
relative newness of rigorous investigation of the variables in the
communication situation. In a rigorous sense theory usually
comes after the phenomena which the theory attempts to explain
are well described. The task of describing the process of human
communication is far from complete. The term communication
theory has been used as synonymous with a description of the pro-
cess of communication. The production of numerous heuristic
visualizations of the elements of the communication process has
occupied the time of many scholars.

A look at some of these descriptions of the communica-
tion process gives an indication of the fertile fields available in
communication research. We can refer to these efforts as at-
tempts at constructing models of the process of communication.

Scientists use the term r.odel in different ways. Some-
times it is substituted for terms like theory, analogy, hypothesis,
and flow chart. It is given a very rigorous definition by one indi-
vidual, and used very loosely by another. In the area of commu-
nication theory and process, the student soon finds himself sur-
rounded by a rather confusing variety of definitions, charts, and
sets of mathematical symbols. All are referred to as models of
the communication process. None seem to fit the rigorous re-
quirements suggested by Professor Rudner in defining a model.
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Another way of looking at the study of communication is
to look at the different levels at which one can approach the study
of a set of phenomena. At one level, we can attempt to describe
the phenomena and to indicate approaches to the study of the phe-
nomena. All of the visualizations which are discussed in this
paper are of this nature. They are essentially descriptive in na-
ture, and heuristic in their indication of useful ways of looking at
communication situations.

At a different level, we can attempt to operationalize the
elements of the description or visualization in such a way that
measurement operations and predictions become possible. In
communication, perhaps, the closest we can come to operational-
ization is through the mathematical formulations of information
theory. Other attempts to operationalize some of the phenomena
in human communication situations have been made through the
use of learning theory as a basis for predicting message retention,
and balance theory as a basis for predicting attitude change on the
part of communication receivers.

At an entirely different level, we can attempt to develop
a full-blown functional model. A functional model is not neces-
sarily descriptive, but it specifies certain relationships among
 elements of a process in such a way that new relationships or
propositions can be generated from the model itself. There are
no functional models of the communication process. It may be
questioned whether or not functional models exist in any of the
behavioral sciences.

Any visualization, model, flow chart or set of symbols
represents a substitution for the ''real” phenomena. If perfect, a
model or visualization of the communication process would show
all possible aspects of the actual process of human communica-
tion. It would thus have perfect fidelity. Another way of putting
it is to suggest that the parts of the model would correspond in an
exact one-to-one relationship with the process as it exists in the
real world. That is, the model would be isomorphic. The limi-
tations of the graphic arts, and the imposition of stasis that vis-
ualization carries, mean that dynamic, ongoing processes cannot
be represented with perfect fidelity. If fidelity cannot be consig-
ered a criterion for evaluation of a description of the communica-
tion process, the heuristic purpose of most of these graphic
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representations suggests that utility be considered the main cri-
terion. A criterion of utility applied to the models we shall dis-
cuss below indicates rather clearly that the new media have re-
ceived little attention from those interested in describing the
communication process. We shall see that one author would con-
sider newspapers, television, movies, etc., a source variable in
the communication process. Another author would see these me-
dia as channels. However, most of the authors do not mention
the place of the media within the process. This may not diminish
the value of particular models for situations where media use is
not a consideration, but it does make it difficult to talk about com-
munication theory and the use of the new media in education.

Perhaps the simplest description of the communication
process is also one of the oldest. Aristotle divided the study of
oral communication into a consideration of the speaker, the speech,
and the audience [1]*. However, Aristotle did not consider media,
nor mention the concept of channel. Even today, Theodore New-
comb, for example, ignores the channel or medium as a neces-
sary element in communication when he suggests that one of the
simplest of communication situations occurs when individual A
talks to individual B about some object or concept X [2] *. Again
the new media are ignored in the A-to-B-re-X situation.

Speaker-Listener Model of Communication

From Aristotle to the present there is a span of some 2300 years.
However, Aristotle's influence on communication theory is felt
today. Certainly the model of communication produced by Bryant
and Wallace (Figure 1, following) owes something to classical
theory [3]. The orientation of Bryant and Wallace is to the polar-
ized speaker-audience situation. The elements of the process
which they identify emphasize a psychological approach based on
motivations, attitudes, feelings, etc. Their model attempts to
show the process nature of communication, with particular atten-
tion to the part played by feedback. However, channel is not rec-
ognized as an important element, and the "new media" are com-
pletely ignored.

*The numbers in brackets refer to items on the numbered
list, "References, " given at the end of this paper.
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Figure 1.--Psychological Model of Communication by Donald C. Bryant and Ka:l R. Wallace [3].
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Mechanical Model of Communication

Perhaps the best known model of the communication process
(Figure 2, following) is the one which forms the basis of Shannon
and Weaver!' s book, The Mathematical Theory of Communica-
tion [4] . Because Shannon's definitions of the elements of the
FFo_cess as he saw them are rather precise, I repeat his entire
statement here:

By a communication system we mean a system of the
type indicated in Figure 2. It consists of essentially five parts:

1. An information source which produces a message or
a sequence of messages to be communicated to the receiving
terminal. The message may be of various types: (a) a se-
quence of letters as in a telegraph or teletype system; (b) a
single function of time £(t) as in radio or telephony; (c) a
function of time and other variables as in black and white
television--here the message may be thought of as a function
f(x, y,t) of two space coordinates and time, the light intensity
at point (x,y) and time (t) on a pickup tube plate; (d) two or
more functions of time, say f(t), g(t), h(t)--this is the case
in "three dimensional" sound transmission, or if the system
is intended to service several individual channels in multi-
plex; (e) several functions of several variables--in color tele-
vision the message consists of three functions {(x,y, t),
g(x,y,t), hix,y, t) defined in a three dimensional continuum--
we may also think of these three functions as components of
a vector field defined in the region--gimilarly, several black
and white television sources would produce "messages' con-
sisting of a number of functions of three variables; (f) various
combinations also occur, for example, in television with an
associated audio channel.

2. A transmitter which operates on the message in some
way to produce a signal suitable for transmission over the
channel. In telephony this operation consists merely of chang-
ing sound pressure into a proportional electrical current. In
telegraphy we have an encoding operation which produces a
a sequence of dots, dashes, and spaces on the channel cor-
responding to the message. Ina multiplex PCM system the
different speech functions must be sampled, compressed,
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Figure 2.--Visualization of the Process of Communication by Claude E. Shannon and Warren
Weaver [4] .
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quantized and encoded, and finally interleaved properly to
construct the signal. Vocoder systems, television, and fre-
quency modulation are other examples of complex operations
applied to the message to obtain the signal.

3. The channel is merely the medium used to transmit
the signal from the transmitter to receiver. It may be a pair
of wires, a coaxial cable, a band of radio frequencies, a
beam of light, etc. During transmission, or at one of the
terminals, the signal may be disturbed by noise. This is
indicated schematically in Figure 2 by the noise source act-
ing on the transmitted signal to produce the received signal.

4. The receiver ordinarily performs the inverse opera-
tion of that done by the transmitter, reconstructing the mes-
sage from the signal.

5. The destination is the person (or thing) for whom the
message is intended.

Shannon and Weaver were not particularly interested in
psychological aspects of communication, nor was their orientation
or purpose sociological, philosophical, or educaticnal in nature.
They are not even specifically interested in restricting *heir in-
terests to human communication. Their diagram w1th its ac-
companying text makes no attempt to look at the '""new media" as
separate or distinct elements of the communication process.
Rather, the media are described under source and message, and
the focus is not on the media as such.

Speaker-Audience Model of Communication

A visualization which has all the elements of the Shannon and
Weaver model, but which combines them with emphasis on the
cognitive processes of human communication, is the model (Fig-
ure 3, following) developed by Halbert E. Gulley [5]. In Figure 3
we see another attempt to emphasize the process nature of com-
munication, but with no apparent emphasis on the role of the me-
dia in communication.
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Figure 3.--The Process of a Speaker Addressing an Audience by Halbert E. Gulley [5] .
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